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CHAPTER 1 


INTRODUCTION 





1. Scope 


These instructions are published for the information 
and guidance of maintenance personnel for step-by- 
step dial central office equipment. They outline the 
type of troubles commonly encountered and describe 
the equipment and the methods used in locating these 
troubles. They also describe the use of the tools 
supplied with the equipment and give the recom- 
mended methods of using test equipment in routine 
inspection tests. The wiring diagrams, standard 
adjustment sheets, and other drawings supplied for 
each step-by-step dial central office by the equipment 
manufacturer also are discussed. These instructions 
apply specifically to step-by-step dial central office 
equipment manufactured by the Automatic Electric 
Company, but are generally applicable to step-by-step 
equipment of other manufacture. 


2. Appendixes 


a. Appendix I contains lists of pertinent reference 
material, including the fourteen other technical man- 
uals in the series on step-by-step dial central office 
equipment. 


b. Appendix II is a glossary of the abbreviations 
used in this manual. Refer to TM 11-2100 for a 
complete glossary of terms used in the fifteen tech- 
nical manuals in the step-by-step dial central office 
series, 


3. Forms and Records 


a. One of the following forms will be used for 
reporting unsatisfactory conditions of equipment : 


(1) DA AGO 468 (Unsatisfactory Equipment 
Report) will be filled out and forwarded 
to the Office of the Chief Signal Officer 
as prescribed in SR 700-45-5. 

(2) AF Form 54 (Unsatisfactory Report) will 
be filled out and forwarded to Commanding | 
General, Air Matériel Command, Wright- 
Patterson Air Force Base, Dayton, Ohio, 
as prescribed in SR 700-45-5 and AFR 
65-26. 


b. The forms and records used (par. 38) in 
maintaining step-by-step dial central office equip- 
ment are listed in appendix I. These forms may be 
obtained through normal AG supply channels. 


CHAPTER 2 


MAINTENANCE INSTRUCTIONS 





Section |. TEST EQUIPMENT, TOOLS, AND MAINTENANCE MATERIALS 
Table H. Special Tools Supplied by Manufacturer 


4. Test Sets and Testing Equipment 


The test equipment listed in table I is furnished 
by the manufacturer and is required for maintenance 
routines in step-by-step dial central offices. For 
illustrations and additional information on this test 
equipment, refer to TM 11-2111. Refer also to 
TM 11-2106, TM 11-2110, TM 11-2112, TM 


11-2113, and TM 11-2114, which pertain to indi- 
vidual test-equipment units. 


Table I. Test Sets and Equipment Furnished by 


Manufacturer 

Auto elec. 

part No. Item 
H-64645-1 | Current-flow test set. 
H-45987-1 | Connector routine test set. 
H-55165-B | Stepping-switch test set. 
H-88459-1 | Wire chief's test desk. 
D-70181-B | Volt-ohm-milliammeter (part of test desk). 
H-697 14-1 Wheatstone bridge (part of test desk). 
H-16339-1 Test lamp. 
L—965-AO .| Test telephone handset. 
D-235695—-C | Test distributor (part of step-by-step dial 

central office test switch train). 

D-857060-A | Reverting-call switch (test ring-back switch) 


(part of step-by-step dial central office mis- 
cellaneous switching equipment). 


5. Tools and Tool Equipments 


a. The special tools supplied by the manufacturer 
which are required for the adjustment and repair 
of step-by-step dial central office equipment are listed 
in table If. Common hand tools are not included, 
and must, therefore, be obtained through regular 
supply channels. Other suggested tools obtainable 
from standard Signal Corps tool equipments are 
contained in DA Supply Catalog SIG 6. Refer also 
to TM 11-2111 for further information on tools 
supplied by the equipment manufacturer. 


2 


Signal Corps 
siock No. 


4D20777 
6141572 
6R41578 
4D7067 


4D20179 
6(187-5 


6Q188 

6Q188-2 
6()188-3 
6Q188-5 


6Q188-4 
6Q188-1 
6R41574 
6R41065C 


6M213 


4D16590-1 
4D16590-2 
6218018 


6R41353A 


6R41119 


6R41570 


6045726 


NSN 
6Z6941-1 


6R40858 


4D16290 


6R4607 


Auto elec. 
part No. 


H-20777 


H-~42873 
H-14768 
H-7067 


H-20179-1 
H-47202 


H-88385 

H-88504-1 
H-88504-2 
H-88503-1 


H-88502-1 
H-56518 


H~-14769 


een Pee eo es eo we 


D-730370 


H-16590-1 
H-16590-2 
H-46556 
D-15455 


eseevee eevee 


H-14315 
H-16339-1 


H-44314 


H-16290-7 


Tool and description 


Adjuster, spring (relay contact). 


Do. 

Adjuster, armature lever. 

Adjuster, spring (switch de- 
tents). 

Adjuster, spring (rotary switch). 

Adjuster, spring (normal post 
cam). 

Adjuster, spring (lever switch). 

Adjuster, spring (relay contact). 
Do. 

Adjuster, spring (relay arma- 
ture). 

Do. 

Adjuster, spring (a-c (alter- 
nating-current) relay arma- 
ture). 

Bender, armature stop. ’ 

Burnisher, WECo 265C (for 
relay contacts). 

Brush, switch bank contact 
cleaning, WECo 389A. 

Bracket, for test telephone 
handset. 

Cleaner, switch bank contact. 

Do. 

Case, tool. 

Clip, for busying switches. 

Extractor, lamp, WECo 553A. 


Extractor, lamp cap, WECo 
319A. 
Gage, thickness, 9-leaf (for 


adjusting Auto Elec relay 
residual screws). 

Gage, thickness, 26-leaf, Lufkin 
123 (for general-purpose 
checking and adjusting). 

Kit, fuse repair. 

Light, test (for continuity test- 
ing). 

Pliers, heat coil extractor, for 
WECo heat coils. 

Pliers, heat coil extractor, for 
Auto Elec heat coils. 

Pliers, adjuster (for switch 
contact springs and = dial 
mechanism). 

Pliers TL-107, side cutter. 





Table II. Special Tools Supplied by M: anufacturer—continued 





b. Common tools needed for step-by-step dial 





central office maintenance are contained in DA 
Signal Corps Auto elec. 
stock No. part No. Tool and description Supply Catalog SIG 6, TE-49, TE-111, and TE- 
6R4735—5 H-50620 Pliers, duck-bill, 5” long (for 112. 
adjusting switch — contact Note. Since a gram tension gage which measures up to 
springs). 450 grams tension is required, but not furnished by the manu- 
6R4626 H-50619 Pliers TL-126, 6”, straight, facturer or included in the tools obtainable from Tool 
long-nose. Equipments TE~49, TE-111, or TE—112, (the two gram ten- 
6R4741-5A {311 Pliers, flat nose, smooth, Klein sion gages, WECo 70D and 70J, in TE-112, measuring only 
311. up to 50 grams and 150 grams, respectively) a gram tension 
6R4770-6 — ss www eee eee Pliers, spring adjuster, 6”, gage of greater tension-measuring capacity, such as WECo 
round-nose. 62B (0-700 grams) or WECo 79B (0-1,000 grams) should 
6Z8165 D-542539-A| Sleeving, cotton (75 ft), for © be obtained through regular supply channels. 
bank contact cleaners. 
6R18339 H-21766 Screw driver, offset. 
6R16011 H-24664 ‘| Screw dr'ver, 6”. 6. Maintenance Materials 
6R40841/1 = {95 Screw driver, cabinet, 334”. . 

H-15799 Stand, test, for switch repair. a. Materials contained in DA Supply Catalog 
4D26917 H-26917 Tool, dial escutcheon. SIG 6, ME-10 are necessary in the maintenance of 
6R55507-8 | H-7062 cee i end, for relay — step-by-step dial central office oquipment. Refer to 

res‘dual. . . 
goer asec Wrench, open end, fa" and #6”. ™ 1 1-2111 for details on general maintenance 
6R57407-1_ | H-46440-1 | Wrench, socket, %o”. supplies. 

H-46437-1 | Wrench, socket, 6”. b. The following are maintenance parts initially 
4D23865 H-23865 Wrench, open end, for adjust- supplied by the manufacturer with a typical step- 

ing rotary switch armature : 

am by-step dial central office: 

6R57697-2. |M-6656-1 Wrench, jack strip fastener. 
6048541 M-6656-2 | Wrench, guide for jack strip 
wrench. 
Table III. Matntenance Parts Supplied by Manufacturer 
Signal Corps Auto elec. 
stock No. part No. Quantity Part and description 
R-7948-A4B 10 Line and cut-off relay. 
3Z6020-247 D-281410-A 8 Resistor, suppressor, 200-ohm. 
3C1121-32 D-281455 4 Release magnet coil. 
3C1121-33 D-281530 3 Rotary and vertical magnet coil. 
4D46088 D-46088 2 Shaft, for selector. 
41D46099A D-46099-A 2 Shaft, for linefinder. 
4D46176 D-46176 2 Shaft, for 200-point connector. 
4D46218 D—~16218-A 2 Shaft, for 100-point connector. 
4D46270A D~46270-A 5 Contact wiper (200-point switch) with cord holder. 
4D46271A D-46271-A 3 Contact wiper (100-point switch). 
4D46273A D-46273-A 5 Contact wiper for control banks. 
4D46274A D-46274-A 6 Contact wiper for line banks of 100-po'nt selector. 
3E4057~4.75 D-542281-A 6 Cord, for bank contact wipers. 
D-542282-A 5 Do. 

3E4057-7.5 D-542283-A 5 Do. 
3E4057-9 D-542284—-A 5 Do. 
3E4057-11.25 D-542285-A 5 Do. 
4D71262A D-71262-A 2 Armature, for relay. 
3Z381-1 D-71163 2 Do. 
3Z381-2 D-71164 2 Do. 
4D71166 D-71166 2 Armature, for release magnet. 
4D71169 - D-71169 2 Armature, for rotary stepping magnet. 
4D71250 D-71250 2 Do. 
4D71343A D-71343-A 2 Armature, for vertical stepping magnet. 
3Z9580-6.25 D-735002 2 Contact assembly, rotary interrupter springs. 


Table III. Maintenance Parts Supplied by Manufacturer—continued 








Signal Corps Auto elec. 
steck No. part No, Quantity Part and description 
3Z9580-6.26 D-735004 2 Contact assembly, cam springs. 
3Z9580-6.29 D-735022 2 Do. 
3Z9580-6.18 D-735066 Z Contact assembly, rotary interrupter springs. 
3Z9580-6.19 D-735114 2 Contact assembly, vertical interrupter springs. 
4C1914 MC-67704-A 2 Lens, ind‘cator light, white (lamp cap). 

- 4C1915 MC-67705-A 2 Lens, indicator light, red (lamp cap). 
4C1916 MC-67706-A 2 Lens, indicator light, green (lamp cap). 
3G1838—42.21 D-44670-A 20 Insulator (for protector blocks). 

D-44671 20 Insulator (for protectors). 
D-44674 20 Insulator. 

D-44866 20 Do. 

D-67166 20 Block, protector (carbon). 
D-67167 20 Do. 

D-68181-B 20 Heat coil (2.7-ohm). 
D-108088 5 Spring (protector). 
D-108091 5 Do. 

D-108092 10 Do. 

D-108093 5 Do. 

1)-108094 5 Do. 

1ID-108096-A 5 Do. 





Section Il. PREVENTIVE MAINTENANCE 


7. Meaning of Preventive Maintenance 


PM (preventive maintenance) is a systematic 
series of operations performed at regular intervals 
on equipment to eliminate major break-downs and 
unwanted interruptions in service, and to keep the 
equipment operating at top efficiency. PM differs 
from repair in that it is intended to prevent break- 
downs and, therefore, eliminates the need for repair. 
On the other hand, the prime function of trouble 
shooting and repair is to locate and correct existing 
defects. The importance of PM cannot be over- 
emphasized. The entire wire communication system 
depends upon its being 17 operation when it 1s needed, 
and upon its operating efficiency. PM should, there- 
fore, be considered as a series of routine inspections 
which provide insurance against operational failures 
and major repairs. 


8. Preventive Maintenance Procedures 


a. GENERAL. Most of the electrical parts used in 
step-by-step dial central offices require routine PM, 
but differ in the amount and kind of PM required. 
Frequency of PM tests and inspections is governed 
by the type and age of the equipment, and the con- 
ditions under which it must operate. This section 
of the manual is intended as a guide for personnel 
performing the basic PM routines. 
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Note. PM practice, performed at regular. intervals, will 
minimize deterioration of step-by-step dial central office 
equ'pment throughout the entire period of operation. The 
extent of deterioration of the equipment depends on the 
method of maintenance used from the start and not after 
deterioration has already begun. 

b. INSPECTION. Make periodic inspection of the 
equipment to detect minor defects and signs of worn, 
damaged, or corroded parts which may later cause 
trouble. Although these minor defects may not have 
interfered with the performance of the equipment, 
correcting them before they lead to major break- 
downs saves valuable time and effort. Become 
thoroughly familiar with the indications of normal 
functioning, so you can recognize the signs of defec- 
tive equipment. Inspection consists of observing all 
parts of the equipment carefully, noticing their color, 
placement, state of cleanliness, and signs of wear or 
corrosion. Inspect for the following conditions: 


(1) Overheating. Look for discoloration, blis- 
tering, or bulging of the parts or surface 
of a cover; leakage of insulating com- 
pounds; and oxidation of metal contact 
surfaces. 

(2) Placement. See that all leads and cabling 
are in their original positions, that insula- 
tion has not become damaged, and that 
soldered connections are in good condition. 

(3) Cleanliness. Carefully examine all recesses 


in the units for accumulation of dust, especi- 
ally between connecting terminals. Parts, 
connections, and joints should be free of 
dust, corrosion, and other foreign matter. 
In tropical and high-humidity locations, 
look for fungus growth and mildew. 

(4) Tightness. Check any connection or mount- 
ing which appears to be loose. 


Caution: Do not tighten screws, bolts, 
and nuts carelessly. Fittings tightened be- 
yond the pressure for which they are 
designed will be damaged or broken. Do 
not confuse adjusting screws with mounting 
screws. Perform cleaning operations care- 
fully, in order not to damage equipment or 
change its adjustment. 


(5) Lubrication. Observe the condition of the 
grease or oil on the switch shafts, bearings 
of motors, and other moving parts requiring 
lubrication. 

c. Routine Tests. To prevent interruptions of 
service and maintain high operating efficiency, make 
periodic tests of the switching equipment, repeaters, 
trunk lines, and relay equipments to determine 
whether the equipment is functioning properly or 1s 
in need of repair or adjustment. These periodic tests 
are scheduled work and are usually called routine 
tests. For test equipment required in performing 
these routine tests, refer to paragraph 4 and to 
TM 11-2111. 


9. Switchroom Cleaning and Conditioning 


Dust or dirt in the switchroom causes excessive 
equipment failures, since it eventually filters into the 
working parts. Moisture and humidity also cause 
equipment failures through rust and corrosion of 
metal, or electrolysis and insulation leakage in elec- 
trical apparatus. Take every precaution to exclude 
dust, dirt, moisture, or insects from the switchroom, 
and to keep the equipment clean and dry. Reduce or 
prevent unnecessary travel of personnel through the 
switchroom to avoid introduction of dirt or dirt-laden 
air. 

a. GENERAL CLEANING. Remove accumulated dust 
and dirt from the equipment with a clean, lint-free 
cloth. Use camel’s-hair brush TL-/2 or similar 
camel’s-hair brushes to remove dust from relay or 
switch assemblies, where space is restricted. Keep 
all parts of the switchroom as clean as possible. 
Linoleum or a similar floor covering is desirable. 
Keep it lightly waxed, and clean it at regular inter- 
vals with a mop dampened very lightly with water. 


For switchrooms without floor covering, use a push- 
broom and sweeping compound. Do not use any 
wax, sweeping compound, or other cleaning mate- 
rials known to contain turpentine or other volatile 
substances likely to generate fumes, since the relays 
used in step-by-step dial central office equipment are 
easily made inoperative by slight films deposited on 
the contacts. These fumes cause service interrup- 
tions, and necessitate cleaning and burnishing of 
contacts in all relays. The common self-polishing 
types of floor wax are usually suitable for use on 
switchroom floor coverings. 

Note. Do not use gasoline as a cleaning fluid for any 
purpose. Instead, use Solvent, dry-cleaning (SD), which is 
available as a cleaning fluid through established supply chan- 
nels. Use carbon tetrachloride as a cleaning fluid only when 
inflammable solvents cannot be used because of the fire 
hazard, and when cleaning electrical contacts in relay 
switches and similar equipment. 

b. VENTILATION. Ventilation or forced air circu- 
lation is sometimes necessary for the comfort of 
personnel in step-by-step dial central offices. Out- 
side air drawn into the switchroom must be passed 
through filters. Only filtered, dust-free air should 
be circulated in the switchroom. Seal any windows, 
unnecessary doors, or other openings into the switch- 
room to prevent entrance of dirt-bearing unfiltered 
air. Inspect and clean air filters frequently. Replace 
air filters that cannot be kept serviceable. In well- 
planned installations, the use of air conditioning 
eliminates the need for outside ventilation. 

c. Humipity. When high humidity prevails, the 
dial central office equipment must be protected from 
moisture damage. High humidity is usual in tropical 
regions and may sometimes occur under adverse 
weather conditions in temperate zones, especially 
along seacoasts or in areas having a considerable 
difference between day and night temperatures. Rela- 
tive humidity, an expression of the moisture content 
of air, is the percentage of moisture actually present 
in a given volume of air compared to the maximum 
which the air can evaporate and hold. Heating the 
air increases its capacity to evaporate and hold moist- 
ure, and therefore reduces the relative humidity. 
When air cools, its capacity to hold moisture is 
reduced, causing its relative humidity to rise. If 
warm moist air comes in contact with cold equip- 
ment, the sudden cooling causes it to deposit its 
moisture in the form of dew. To avoid moisture 
troubles, keep the switchroom relative humidity 
below 60 percent, and never above 70 percent. Use 
hygrometers, one in the switchroom and one out- 
doors, to provide percent humidity indications. 


d. Air ConpDiITIONING. A unit-type air condi- 
tioner, using a refrigerated cooling system, provides 
the most effective protection against high humidity. 
Air from the switchroom is circulated over the cool- 
ing coils, giving up its moisture, and is returned to 
the switchroom through a dust filter. The resultant 
dry, dust-free, and cooled air insures best equipment 
performance and also contributes to the comfort of 
operating personnel. Keep the air-conditioning sys- 
tem in operation when humidity is high, regardless 
of room temperature, and do not turn it off when it 
is not required for the comfort of personnel. When 
the temperature is uncomfortably low, requiring heat 
in the switchroom, turn off the air-conditioning unit 
and control the relative humidity by artificial heat. 
Some air-conditioning units can be operated to re- 
duce humidity without appreciable room cooling by 
recirculating the air used to cool the condenser. This 
type of air conditioner can therefore be used when 
the temperature is too low for comfort, but the rela- 
tive humidity is high. Maintain air-conditioning units 
carefully, in accordance with the instructions fur- 
nished by the manufacturer. 

e. HEATING. 

(1) Relative humidity in the step-by-step dial 
central office may also be controlled by 
heating the air in the room. This increases 
the capacity of the air to retain moisture 
and reduces condensation and absorption 
troubles. An increase in temperature of 
4° F. reduces relative humidity about 10 
percent, or a decrease in temperature of 
4° F. increases the humidity 10 percent. 
Thus, when the relative humidity is 90 
percent, too high for safety, an increase of 
12° F. in switchroom temperature will re- 
duce the relative humidity to 60 percent. 
Do not allow the switchroom temperature 
to rise and fall with variations in day and 
night temperatures unless humidity control 
is provided. Steam or hot-water central 
heating, or any other method in which 
combustion takes place outside the switch- 
room, is satisfactory. Heating by means of 
stoves located in the switchroom is unsat- 
isfactory, because of the fumes, smoke, and 
soot likely to be released. Always locate 
the heating unit and fuel in a separate room 
which has a satisfactory flue outlet and 
ventilation. 

(2) Use electric strip heaters where existing 
heating facilities are inadequate. A standard 


230-volt, 500-watt electric strip heater oper- 
ated on 110 volts ac, at 125-watt power 
dissipation, will provide a safe source of 
heat. This unit operates at 430° F. instead 
of its normal 750° F. temperature on full 
voltage. One heater per six uprights on 
the CDF (combined distributing frame), 
and one heater for each switch bay are 
often satisfactory. Determine the require- 
ments for each office individually, however, 
since the size of the rooms and type of 
building construction vary. Locate the 
heaters so that no danger exists of over- 
heating any adjacent equipment. Do not 
place heaters close to combustible material. 
For the test desk and attendant’s switch- 
board, use a single 40-watt, 110-volt lamp 
per position, mounted in a free and clear 
space inside the cabinets. Use electric heater 
units equipped with fans both to dry out 
equipment and to heat the room. 


10. Power and Ringing Equipment 


Two diverter-pole motor generators are used for 
charging the step-by-step dial central office storage 
batteries. Perform the following PM routines on the 
motor generators, ringing machines, rectifiers, and 
miscellaneous power and supervisory relays mounted 
on the power board: 

a. Motor GENERATORS. 

(1) Check the motor generators for general 
cleanliness. Wipe all dust and oil from the 
exterior surfaces of the machines with a 
clean cloth slightly dampened with solvent 
(SD). Clean the piers or base on which 
the machines rest when cleaning the switch- 
room floor. 

(2) Clean the commutators with a special com- 
mutator cleaning tool (fig. 1), which can 
be made as follows: Wrap 16 layers of 6- 
or 8-ounce hard-woven canvas or duck over 
the end of a strip of strong, pliable wood, 
1 to 3 inches wide, 34 inch thick, and 9 
inches long. Attach the canvas to the 
wooden strip with two rivets. Countersink 
the hardwood strip at the points where the 
rivets are inserted to prevent the rivet 
heads from coming in contact with the 
commutator. When the outer canvas layer 
wears away or becomes too dirty for further 
use, cut 1t away and expose the next layer. 


Refer to TM 11-2108 for further details 
of the construction and use of this special 
commutator cleaning tool. 

(3) Check for possible pitting or grooving of 
the commutator. If this condition exists, 
stop the motor generators, lift the brushes, 
and rub the brush contact faces and the 
commutator face with the commutator 
cleaning tool (fig. 1). 


HARDWOOD STRIP 
1" TO 3" WIDE 


3 THICK 9" LONG 






16 LAYERS OF 
6 OR 8 OZ HARD 
WOVEN CANVAS 


COUNTERSUNK OR DUCK 
RIVETS TM 2103-1 


Figure 1. Commutator cleaning tool. 


(4) Clean all dust and dirt from commutator 
brushes and brush holders with the com- 
mutator cleaning tool (fig. 1). 

(5) Clean the undercutting between the com- 
mutator segments to remove any copper, 
carbon dust, or other foreign material. Use 
a thin flat piece of fiber or wood for this 
purpose. 

(6) Commutator segments may wear to the 
point where the mica insulation between 
them is above the surface of the commu- 
tator. Keep the mica always about one- 
thirty-second inch below the surface of the 
commutator segments. Use a knife or 
broken hack-saw blade on which the teeth 
have been ground off to cut the mica down 
to the required depth. Clean the mica slots 
or undercuts. 

(7) Inspect bearings for proper lubrication. If 
necessary, clean bearings and lubricate in 
accordance with lubrication instructions 
(par. 26). 

(8) Check the floating voltage, by reading the 
generator output meter on the power board. 
Normal! floating voltage should be 2.15 volts 


on 23-cell operation, with a low limit of 
2.10 volts per cell and a high limit of 2.20 
volts per cell. 


- (9) Check the automatic paralleling of the two 


motor generators, making sure that motor 
generator No. 2 starts when the load rises 
above the normal output of motor gener- 
ator No. 1, and stops when the load falls 
below the normal output of motor generator 
No. 1. Perform this automatic paralleling 
test by first reducing, then increasing the 
load and observing whether each machine 
cuts off at the proper load and in the proper 
sequence. 


. RINGING MACHINES. 


(1) Clean dust and oil from all exterior sur- 
faces of the ringing machines with a dry, 
clean cloth. When grease or oil film is 
present, slightly dampen the cloth with 
solvent (SD). 

(2) Inspect the collector rings and commutators 
for excessive wear and scoring. Clean these 
when necessary. 

(3) Inspect bearings for proper lubrication 
while the machines are not in motion. Add 
oil, if necessary, in accordance with lubri- 
cation instructions (par. 25). ~ 

(4) Inspect the worm and gear for signs of 
wear. (Lubrication of the worm and gear 
on tinging machines using a steel worm 
and a composition fiber gear is not recom- 

_ mended by the manufacturer. ) 

(5) Check the interrupter springs and cams for 
proper operation. Test the make and break 
contact pressure. Inspect the interrupter 
contact points for burned or pitted condi- 
tions. Clean if necessary. 


. ENp-CELL RECTIFIER. 


(1) Open the case, and clean dust or dirt from 
the exposed parts with a camel’s-hair brush. 

(2) Check output voltage and current. Check 
the end cells of the main battery (the three 
reserve cells, Nos. 24, 25, and 26) to see 
if they are overcharging or are under- 
charged in relation to the exchange load, 
and adjust the charging rate as required. 


d. MISCELLANEOUS POWER AND SUPERVISORY 
EQUIPMENT. 


(1) Check the power and supervisory relays, 
and the ringing machine transfer relays, 
following the same procedure used in other 
relay group inspections (par. 18). 


(2) Inspect relay contacts for burned or pitted 
conditions. Examine relay contacts for ex- 
ceptional arcing. Clean and adjust relay 
contacts if necessary (par. 57). Operate 
the armature of each supervisory and alarm 
relay to make sure that all the signal lamps 
and alarms function normally. 

(3) Inspect relay terminals for poorly soldered 
or loose connections. 

(4) Check wiring and forms for proper ar- 
rangenient and condition of insulation. 

(5) Inspect all fuse panels for tightness. Check 

each screw with a screw driver. Replace 

any temporary fuses with fuses of the 
proper type and proper electrical rating. 

Inspect the supervisory or alarm lamps for 

loose bases or damaged sockets. Make sure 

that each lamp is of the proper voltage, 
color and type, and has normal brightness. 
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11. Batteries 


Perform the following PM routines on storage 
batteries : 

a. Clean the top of the battery with a bristle 
(nonmetallic) brush. Clean the battery terminals 
with a cloth dampened with a diluted solution of 
bicarbonate of soda. Use bicarbonate of soda to 
neutralize any spilled electrolyte. 

Caution: Use rubber gloves and goggles when 
performing PM on storage batteries. 

b. Check the internal temperature of the cells and 
the room temperature. Enter the readings on the 
DAAGO Form 11-24 (Weekly Storage Battery 
Report). 

c. Check the specific gravity of each cell with a 
hydrometer. Enter the readings on DAAGO Form 
11-24. 

d. Check the level of the electrolyte. It should 
be one-half inch above the tops of the separators. 
Add distilled water to the cells until this height is 
reached. 


12. Distributing Frames and Terminal Blocks 


The distributing frames and terminal blocks re- 
quire very little PM. Perform the following PM 
routines on distributing frames and terminal blocks: 

a. Clean the distributing frames and terminal 
blocks with a bristle brush, or use a vacuum cleaner 
suction tool if one is available. Tap the terminal 
blocks lightly while using the vacuum cleaner, so 


that particles of solder or dirt are dislodged for 
easier removal. 

b. Inspect wiring, cabling, and jumpers for signs 
of chafing and deteriorated insulation. Inspect alf 
soldered connections for looseness and granular con- 
dition. Tighten any loose bolts and nuts, being 
careful not to strip the threads. 

c. Examine protectors for defective blocks and 
operated heat coils. Inspect heat coils to see that 
they are properly engaged in the mounting springs. 

d. Check tell-tale lamps for operation, and for 
looseness in sockets. 

e. Inspect the connector plug (test shoe) on the 
test cable. Clean and adjust its contacts if necessary. 


13. Two-motion Stepping Switches (figs. 21 
and 22) 


The basic vertical and rotary stepping mechanisms 
used in linefinders, selectors, and connectors are very 
sunilar. These stepping switches differ chiefly in the 
type and number of relays, circuit interrupters, and 
auxiliary switches which they use, and in their 
method of operation. Perform the following PM 
routines on all two-motion stepping switches (figs. 
21 and 22). 

a. If preliminary inspection indicates that exten- 
sive readjustments must be made, or that worn or 
damaged parts must be replaced, remove the switch 
from the shelf as described in paragraph 47. Make 
the adjustments and repairs at the workbench. 
Follow the adjustment procedures outlined in para- 
graphs 46 and 48. 

b. Operate the busying switch on those stepping 
switches equipped with it. Remove the switch cover. 

c. Inspect and clean relays (par. 57). 

d. Inspect and clean all contact assemblies, such 
as the vertical-off-normal contact assembly and the 
rotary interrupter (par. 50a). 

e. Check for loose mounting screws and nuts. 
Check the locknuts on the adjusting screws. Tighten 
where necessary, but take care that adjustments are 
not altered. If any readjustments are necessary, fol- 
low instructions in paragraphs 46 and 48. 

f. Inspect the switch shaft for lubrication. Clean 
and lubricate if necessary (par. 21). See that the 
switch shaft operates freely and does not bind. Scor- 
ing or excessive wear of the rotary ratchet teeth 
indicates that either the double detent or the rotary 
pawl requires adjusting. Adjust as outlined in para- 
graph 48. 

g. Check the vertical and the rotary armatures for 


binding or excessive play. Adjust if necessary (par. 
48). 

h. Check the double detent for binding or exces- 
sive play. Adjust if necessary (par. 48). 

1. Raise the switch shaft to the first bank level by 
operating the vertical armature by hand. Advance 
the bank wiper assemblies to the first contact on the 
first bank level by manually operating the rotary 
armature. Press the release armature. The wipers 
should disengage and the switch shaft should drop 
to the OFF position. Failure to do so indicates 
either insufficient tension on the helical shaft spring 
or excessive drag by wiper tips on switch bank 
contacts. Increase the shaft spring tension by un- 
locking the shaft spring cap from the shaft and 
rotating the cap one-fourth turn in a clockwise direc- 
tion. If normal operation is not obtained (that is, if 
the switch shaft is not restored to its normal position 
from any rotary step on the first level) after advanc- 
ing the shaft spring one-half turn, inspect the wiper 
tips and switch bank contacts. 


14. Switch Bank Cleaning 


The contact banks of all switches should be cleaned 
periodically. The interval of cleaning depends upon 
local factors, as evidenced by the condition of the 
contacts. Clean the banks as often as required to 
keep the contact action reliable. 

a. Remove loose dust from the switch bank con- 
tacts with a special brush formed for this purpose. 
If a standard bank contact cleaning brush (WECo 
389A or similar type) is not available, make a brush 
from an ordinary plastic-handled tooth brush. Place 
the bristle portion in hot water. When the brush is 
heated sufficiently to become flextble, remove it from 
the water, and bend the bristle end in a semicircle, 
with the bristle portion on the outside. Allow the 
brush to dry thoroughly before using. 

b. Cut a length of cotton sleeving (Auto Elec 
D-542539-A) sufficient to cover and extend over 
the blades of switch bank contact cleaning tools 
(Auto Elec H-16590-1 and H-16590-2) (fig. 2). 
Switch bank contact cleaner (Auto Elec H—16590-1) 
is used to clean and polish the contacts of 200-point 
switch banks. Switch bank contact cleaner (Auto 
Elec H—16590-2), which has a thicker blade, is used 
to clean the contacts of 100-point switch banks. Slide 
the cotton sleeving over the blade of the cleaning 
tool. Hook the end of the sleeving firmly in the 
notch in the blade near the tool handle. Draw the 
cotton sleeving taut over the blade. Force the tip 


of the blade through the cotton sleeving to hold it 
tight. 

c. Place the sleeve-covered blade of the cleaning 
tool between adjacent levels of contacts in the switch 
bank. Rotate the handle of the cleaning tool back 
and forth through an arc of approximately 90°, keep- 
ing the tool in alinement with the switch bank 
contacts. When the contacts are clean and polished, 
move the cleaning tool to the next levels. Repeat 
this procedure until all contacts in the bank have 
been cleaned. 

Caution: Replace frayed or worn sleeving on the 
cleaning tool to avoid snagging and damaging the 
contacts. Be careful not to damage the contact 
wipers. Do not clean the contacts of any switch 
except when its wipers are at normal and off the 
contact banks. 





NOTCHES 
TO HOLO 
COTTON SLEEVE 





BANK CLEANING BRUSH BANK CLEANING TOOL 
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Figure 2. Switch bank contact cleaning tool and brush. 


d. Where the equipment is operating under nor- 
mal conditions (excessive dust and gritty dirt not 
present), impregnate the cotton sleeving with a small 
amount of instrument oil (P-38) (table V). The 
oil in the sleeving assists in removing gummy dust 
and dirt from the contacts. The very thin film of 
oil left on the contacts after cleaning and polishing 
provides smoother switch operation and lengthens 


the life of the wipers. 


e. To prepare oiled sleeving for cleaning and 
polishing, cut the cotton sleeving in the required 
lengths. Distribute 3 to 9 dips (par. 20a) of in- 
strument oil (P-38), using a No. 6 camel's-hair 
brush, over both sides of the cotton sleeving. Allow 
the oil to spread evenly over the sleeving. Slide the 
oiled sleeving on the blade and fasten as outlined in 
b above. 

f. Check the switch banks for loose holding nuts 
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and collars, damaged insulators and contacts, and 
alinement with the switch frame. | 


15. Switch Bank Contact Wipers (figs. 21, 38, 
40, 42, 95, and 96) 


Examine the contact wipers carefully each time 
routine switch inspections are made. Check the 
following: 

a. Inspect the tips of the bank contact wipers (fig. 
40) for wear. Open the wiper tips slightly with an 
orange stick. Inspect the inside surface of the tips 
for wear, using a dental mirror. Replace the wiper 
if the leading edges of the tips are worn thin or 
becoming feathery. Readjust the wiper tip spacings 
if required (par. 49). 

b. Inspect the tips of the top (control) bank con- 
tact wiper (fig. 21) for separation. On 100-point 
switches the tips should not be separated from each 
other. On 200-point switches, the control bank (fig. 
41) has an upper and lower set of contacts and the 
wiper tips are insulated from each other. In this 
case, the control wiper tips must meet the require- 
ments of the bottom (line) bank contact wipers, 
which are constructed in the same manner. 

c. Inspect the tips of the bottom (line) bank con- 
tact wipers for separation. The tips of the line 
wipers should not touch, but should have a normal 
separation of 0.015 inch, or approximately the same 
as the thickness of the insulator between the bank 
contacts. 

d. See that the wiper springs (figs. 38 and 40) 
are not bent, and are at a 90° angle with the switch 
shaft. Both wiper tips must deflect when the wiper 
is advanced over a bank contact. Test the operation 
of the wipers by operating the switch by hand. Check 
the wipers at three positions on the bank—at the 
first, fifth, and tenth contacts. Follow the adjustment 
procedure given in paragraph 49. 

e. Inspect each wiper cord (figs. 21 and 95) for 
signs of damaged insulation or short-circuited ter- 
minals. Check the wiper cords for interference with 
the wiper assembly at all vertical and rotary steps 
of the shaft. On switches having a vertical bank 
and wiper, make sure that the wiper cords are prop- 
erly dressed and secured so that no interference is 
caused to the vertical wiper and bank during ver- 
tical and rotary movement of the switch shaft. Check 
to make sure that the proper contact wiper has been 
used if replacement has been made. Use wipers 
equipped with cord holders for switches having a 
vertical wiper and bank assembly (fig. 95). If 
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wipers with cord holders are not available and 
another type is used, see that the cords are properly 
laced with linen twine, and tied to the wipers (fig. 
96). 


16. Rotary Stepping Switches (25-point) 


Perform the following PM routines on 25-point 
rotary stepping switches (fig. 46). This type of 
switch is used as the distributor switch on linefinder 
shelves, is also used in the howler, and is sometimes 
used as a lineswitch or trunk-selecting switch. Refer 
to paragraph 51 for the method of cleaning and 
adjusting 25-point rotary stepping switches. 

a. Remove the cover, and clean and inspect the 
rotary magnet assemblies. Brush away any loose 
dust and dirt. Inspect the terminal lugs for loose 
or poorly soldered connections. 

b. Clean and inspect the interrupter contact and 
bank contact assemblies. 

c. Clean the switch bank contacts with either clean 
cloth or chamois stretched over the end of a thin 
hardwood stick. A drop of instrument oil (P-38) 
placed on the cloth or chamois will aid in removing 
dust ‘or dirt from gummy contacts. 

Caution: Avoid bending contacts, wipers, or 
brush springs while cleaning the contacts. 

d. Lift the rotary pawl. Rotate the wiper assembly 
by hand, making sure it turns freely. Lubricate if 
required (par. 22 and fig. 5). 

e. Operate the rotary armature (fig. 47) by hand. 
Wipers should advance one contact for each stroke 
of the armature, centering on the contact at the end 
of the stroke. If operation is faulty, adjust as out- 
lined in paragraph 51. Replace the cover. 


17. Minor Switches (fig. 48) 


Perform the following PM routines on minor 
switches (10-point rotary stepping switches) com- 
monly used in the 200-point test connector. Refer to 
paragraph 52 for the method of cleaning and adjust- 


_ ing minor switches. 


a. Clean and inspect the switch contact assembly. 

b. Brush dust and dirt from the coils and frame. 

c. Inspect bank contacts. Remove the contact 
wiper assembly before cleaning the bank contacts. 
Clean the bank contacts with either clean cloth or 
chamois stretched over the end of a thin hardwood 
stick. 

d. Replace the wiper assembly if removed. It 
should ride smoothly over the bank contacts without 


snagging or sticking. Check the operation of the 
wiper by operating it across the contacts by hand. 

e. Lubricate the wiper assembly shaft if required. 
Apply 1 drop of instrument oil (P-38) to the upper 
end of the shaft. Lubricate minor switches as out- 
lined in paragraph 23. 

f. Check the rotary stepping mechanism by operat- 
ing the rotary armature by hand. Advance the wipers 
through all 10 rotary positions. The holding detent 
assembly should maintain the wiper in the center of 
the bank contact in each position. Press release arm- 
ature. The wiper assembly should return smoothly 
to its normal position. | 

g. When normal operation cannot be obtained, ad- 
just the minor switch in accordance with the instruc- 
tions in paragraph 52. 


18. Group Relays, Line Relays, and Other 
Relay Assemblies 


Perform the following PM inspection routines on 
relay assemblies such as the linefinder group relays, 
interoffice pulse repeaters, line relays, attendant’s 
switchboard relay racks, power board supervisory 
relays, and other relay equipments. 

a. Remove the cover and inspect the relay as- 
sembly for the presence of dust and dirt. If neces- 
sary, brush dirt from relay coils, capacitors, and 
rectifiers. Hold a vacuum cleaner hose (if available) 


under the item being cleaned to prevent the dust and 
dirt from falling on adjacent equipment. 

b. Clean the pole pieces and armature residuals 
by inserting a strip of bond paper between the pole 
piece and the armature. Operate the armature by 
hand, applying a slight pressure and at the same time 
withdrawing the bond paper. Repeat this operation 
until the bond paper comes out clean. Clean the relay 
contacts with a contact burnisher (WECo 265C). 

c. Inspect relays for loose coils or mountings. In- 
spect all visible wiring for poorly soldered or loose 
connections. 

d. Inspect relay contact assemblies for corroded 
or pitted contacts. Clean the contacts if required 
(par. 57). 

e. Operate the relay armatures by hand, making 
sure that all contacts make and break properly, and 
with perceptible overtravel on either operation. 

f. Inspect relay armatures for loose locknuts on 
residual screws. 


19. Preventive Maintenance Checklist 


Make a PM checklist for step-by-step dial central 
office equipment. Use DAAGO Form 11-207, 1 Mar 
50 Routine Progress Record (par. 38). List equip- 
ment by groups or shelves and indicate proper time 
interval, Change routines if operating conditions 
make shorter intervals desirable. 


Table IV. Preventive Mamtenance Checkkst 


Interval 


Date Next 


performed inspection Initials 
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Item No Item routine Par. 
1 Batteries: ~s5ch cate caedicieawte anew ek 11 
2 Ringing machine ..............+ee00- 10 
3 Motor generator .............0eee eee 10 
4 Power board circuits ..............8- 10 
5 Alarms and supervisory signals ...... 10 
6 CDF (MDF) protectors ............ 12 
7 General cleaning ..............eeeee- 9 
8 Linefinder shelf .............0 ee eeee 13 
9 Connector shelf c.i.cces ices oxeense cn 13 

10 Selector shelf: écerswke wea tdannen ease 13 
11 Switch contact banks ...............: 14 
12 Miscellaneous shelf ...........0--005- 18 
13 Relay facksS: e.cichaik saeue cine aeie 18 
14 Trunk circuit equipment ............. 18 


15 Test desk and attendant’s switchboard 18 


Weekly ..... 
Monthly .... 
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Section Ill. LUBRICATION 


20. General 


Equipment used in step-by-step dial central offices 
does not require extensive and frequent lubrication. 


However, certain periodic lubrication is necessary for 
successful operation and economic maintenance of the 
equipment. The purpose of lubrication is to provide 


im 


a film of lubricant between fixed and moving surfaces 
to reduce friction and wear. Use only enough lubri- 
cant to provide the required film. Avoid excessive 
lubrication. Remove any excess lubricant by wiping. 


a. DEFINITIONS. Three terms used in expressing 
the amount of oil to be used in the lubrication of step- 
by-step dial central office equipment are defined as 
follows: 


(1) A drop of oil is the amount of oil released 
from the end of a bare tinned copper #22 
B & S wire, after the wire has been dipped 
one-half inch into the oil and then quickly 
withdrawn. 


(2) A dip of oil is the amount of oil retained 
in the bristles of a No. 6 camel’s-hair brush 
or camel’s-hair brush TL-—72 after the 
brush has been dipped three-eighths inch 
into the oil, and then drawn across the edge 
of the container to remove the surplus oil. 
There should not be enough oil remaining 
in the bristles to form a drop at the end of 
the brush. 


(3) A small quantity of oil is the amount of oil 
retained on a strip of paper or thin fiber 
after being immersed in the oil, withdrawn, 
and the free oil removed by wiping. Oiled 
strips of paper or thin fiber are used for 
lubricating wiper tips and similar contact 
brushes. 


b. CLEANING. Clean bearings and exposed bearing 
surfaces, switch shafts and accessible moving parts 
before lubrication. Do not place additional lubricant 
containing graphite (graphited lubricating ol) (table 


V) on bearing surfaces that are already covered with 


graphite. In this case, apply a small amount of in- 
strument oil (P-38) (table V). If the bearing sur- 
face is not sufficiently covered with graphite, or if 
the graphite is caked or gritty, thoroughly clean the 
surface and relubricate the bearing. Operate switches 
or other moving apparatus a few times after lubrica- 
tion to distribute the lubricant thoroughly and to 
work it into the bearings. Always remove any excess 
lubricant by wiping. 


c. RECOMMENDED LUBRICANTS FOR STEP-BY-STEP 
Dia CENTRAL OFFICE EguipMENT. The following 
table lists the lubricants required for servicing step- 
by-step dial central office equipment : 
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Table V. Recommended Lubricants 





Product Specification for 
symbol Standard nomencature Signal Corps stock No. 
PL-Special | Oil, lubricating, pre- | U.S. Army spec. 2-120 
servative, special JAN-L-644. 
OCW Oil, clock and watch | U.S. Army spec. No. 
2-47B. 
P-38 Oil, instrument ... | Sig C stock No. 6G- 
. 1398.7 
Oil, lubricating, Auto Elec Grade A, 
graphited ....... spec. 5232 Sig C 
stock No. 6G1837. 
OE-10 Oil, engine ....... U.S. Army spec. No. 
2-104B (Amend. 5). 
GL Grease, lubricating, | U.S. Army spec. No. 
special .......... 2-134. 





21. Two-motion Stepping Switch (figs. 3 and 4) 


All parts of two-motion stepping switches should 
be lubricated every 6 months with the exception of 
the switch shaft hub (vertical and rotary ratchets), 
which should be lubricated whenever required as de- 
termined by inspection. This period of lubrication 
may be shortened or lengthened to meet abnormal 
operating conditions. Apply the specified lubricants, 
in the amounts specified, to the pOuOWwINE parts of 
two-motion stepping switches: 


a. Apply 1 dip of instrument oil (P-38) (table 
V) to the shaft extension sleeve ((1) of fig. 3) 
just above the shaft spring bracket. 


b. Apply 3 dips of instrument oil (P-38) to each 
upper part of the two bearing surfaces of the switch 
shaft ((2) of fig. 3) with the shaft raised to its high- 
est vertical position. Space the dips approximately 
120° apart on the shaft circumference. Allow the 
shaft to remain in the raised position for at least 5 
minutes before lowering. 


c. Distribute 1 dip of instrument oil (P-38) to 
the following points in the order listed: the vertical 
armature bearing pin (fig. 3 and (3) of fig. 4) at 
the outer surfaces of the armature bearing bracket 
and the bearing pin; the upper rotary armature bear- 
ing pin ((4) of fig. 3) at the upper surface of the 
bearing lug; the normal post ((5) of fig. 4) along 
the surfaces which may be engaged by the shaft 
spring bracket ; the off-normal lever ((6) of fig. 4) 
applied above the rivet at the angle formed by the 
off-normal lever and the shaft spring bracket. 

d. Apply 1 dip of instrument oil (P-38) (table 
V) to the vertical pawl ((7) of fig. 4) between the 
vertical paw! bearing lugs. 


iN 


. Shaft spring (extension sleeve). 

. Shaft switch bearing surfaces. 
Vertical armature bearing pin. 
Upper rotary armature bearing pin. 
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. Lower rotary armature bearing pin. 
. Six upper teeth of vertical ratchet. 
. Shaft spring roller bearings. 

. Cam operating teeth. 


Figure 3. Lubrication chart for two-motion stepping switch, left side. 


e. Apply 1 dip of instrument oil (P-—38) to the 
rotary pawl ((8) of fig. 4) between the pawl bearing 
lugs and the end of the rotary armature. 

f. Distribute 1 dip of instrument oil (P—38) to the 
following points in the order listed : the double detent 
bearing pin ((9) of fig. 4), just above the upper 


bearing bracket of the double detent; the double 
detent bearing pin ((10) of fig. 4), at the angle 
formed by the pin and the upper surface of the lower 
bearing; the lower rotary armature bearing pin 
((11) of fig. 3), on the upper surface of the bearing 
bracket ; the tip of the rotary pawl guide ((12) of 
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. Vertical armature bearing pin. 
Normal post. 

Off-normal lever. 

Vertical pawl. 

Rotary pawl. 

Double detent bearing pin. 
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10. 
12. 
13. 
15. 
16. 
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Double detent bearing pin. 
Rotary pawl guide. 

Double detent release link tooth. 
Vertical ratchet teeth. 

Rotary ratchet teeth. 


Figure 4. Lubrication chart for two-motion stepping switch, right side. 


fig. 4) ; the tip of the double detent release link tooth 
((13) of fig. 4). 

g. Apply 1 dip of graphited lubricating oil (table 
V) to the six upper teeth of the vertical ratchet 
((14) of fig. 3), at the points where the vertical 
pawl engages the vertical ratchet teeth. 

h. Apply 1 dip of graphited lubricating oil to all 
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the teeth in the vertical ratchet ((15) of fig. 4) from 
the stationary detent groove to the notches on which 
the vertical tip of the double detent rides. 

1. Apply 1 dip of graphited lubricating oil to all 
teeth in the rotary ratchet ((16) of fig. 4), from the 
top to a point approximately one-fourth inch from 
the bottom. 





j. Distribute 1 dip of instrument oil (P-38) to the 
following points (on switches equipped with multi- 
level normal post cam springs) in the order listed: 
the shaft spring roller bearings ((17) of fig. 3) ; the 
operating teeth on the cam ((18) of fig. 3), on the 
edge contacted by the roller. 


22. Rotary Stepping Switch (25-point) (fig. 5) 


a. Lubricate rotary stepping switches at the end 
of the first month after installation, at the end of the 
third month, at the end of the sixth month, and every 
6 months thereafter under normal operating condi- 
tions. The 6-month period of lubrication may be 
shortened or lengthened to meet other than normal 
operating conditions. | 

b. When lubrication is required, apply the speci- 





2 
3 
4 
5 
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1. Armature bearings. 4. Ratchet gear teeth. 


2. Switch frame. 
3. Rotary pawl bearing. 


5. Wiper tips. 


Figure 5. Lubrication chart for 25-point 
rotary stepping switch. 


fied lubricants in the amount specified to the follow- 
ing parts of 25-point rotary stepping switches: 
(1) Apply 4 drops of instrument oil (P-38) 
(table V) to the armature bearings ((1) 
of fig. 5). 
(2) Lubrication of the bearing pin during man- 
_ufacture should be sufficient for the life of 
the switch. If excessive friction is noted in 
the switch, lubricate by applying 1 drop of 
oil (OE-10) (table V) between the switch 
frame and the wiper assembly shaft at each 
end ((2) of fig. 5). 
(3) Apply 1 drop of instrument oil (P-38) to 
the rotary pawl bearing ((3) of fig. 5). 
Distribute 2 dips of graphited lubricating 
oil (table V) on the ratchet gear teeth ( (4) 
of fig. 5). Rotate the wiper assembly by 
hand while applying. 
Apply 1 dip of oil (OCW) (table V), dis- 
tributed between the 4 pairs of wiper tips 
((5) of fig. 5), and on both ends. Rotate 
the wiper assembly after applying the oil to 
distribute the lubricant on the switch bank 
contacts. 


23. Minor Switch (fig. 6) 


a. Lubricate minor switches at the end of the first 
month after installation, at the end of the third 
month, at the end of the sixth month, and every 6 
months thereafter under normal operating conditions. 
The 6-month period of lubrication may be shortened 
or lengthened to meet other than normal operating 
conditions. 

b. When lubrication 1s required, apply the specified 
lubricants, in the amount specified, to the following 
parts of minor switches: 

(1) Apply 1 dip of instrument oil (P-38) 
(table V) to the wiper assembly bearing 
((1) of fig. 6) through the slot in the wiper 
shaft. 

(2) Apply 1 dip of instrument oil (P-38) to 
the rotary pawl bearing ((2) of fig. 6). 

(3) Apply 1 dip of instrument oil (P-—38) to 
the rotary armature spring bearing surface 
((3) of fig. 6) on the frame. 

(4) Apply 1 dip of instrument oil (P—38) to 
the rotary pawl guide arm bearing surface 
((4) of fig. 6) on the frame. 

(5) Apply 1 dip of instrument oil (P-38) to 
the rotary pawl stop ((5) of fig. 6) at the 
point where it 1s engaged by the pawl. 

(6) Apply 1 dip of instrument oil (P-38) to 
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the release armature spring bearing surface 
((6) of fig. 6) on the normal stop pin. 
(7) Distribute 1 dip of instrument oil (P-38) 
on the rotary armature bearing pin ((7) 
of fig. 6) where it touches the bearing yoke. 
(8) Distribute 1 dip of instrument oil (P-38) 
on the release armature bearing pin ((8) Gees 
of fig. 6) where it touches the bearing yoke. N 
(9) Apply a small quantity of instrument oil 
(P-38) to the wiper tips ((9) of fig. 6). 
(10) Distribute one dip of graphited lubricating 
oil (table V) on the rotary ratchet teeth 


((10) of fig. 6). 


g 
(|; 





TM2103-6 
1. Wiper assembly bearing. 
2. Rotary pawl bearing. 
3. Rotary armature spring bearing surface. 
4. Rotary paw! guide arm bearing surface. 
5. Rotary pawl stop. 
6. Release armature spring bearing surface. 
7. Rotary armature bearing pin, 
g. Release armature bearing pin. 
9. Wiper tips. 
10. Rotary ratchet teeth. 
Figure 6. Lubrication chart for minor switch. 
TM2103-7 


24. Dial (fig. 7) 


Worm wheel bearings and shaft. 


a. Remove the screws holding the dial in the dial 1. 
. . e . 9 . ‘ 
mounting and lift out the dial. Inspect the dial for x satin eal 
. ° . . . “ ab Sna carl . 
Jack of lubrication. Observe its operation. Lubricate 4. Main wheel bearing. 
the dial only when necessary to provide smooth and 5. Main bearing (exposed portion). 
positive mechanical operation. Lubrication once a 6 Governor Shas wo 
pees 7. Ratchet teeth. 
year should be sufficient. 8. Cam, cam shaft, and pawl bearing. 
b. Prepare the dial for lubrication by removing 9. Shunt and pulse springs. 
10. Spring coils. 


the dial escutcheon assembly and the finger plate 


mounting screw. Remove the finger plate. Figure 7. Lubrication chart for dial. 
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c. Lubricate the dial (fig. 7) by applying oil 
(OCW) (table V) in the amount specified, to the 
following parts: 

(1) Distribute 1 dip of oil to the worm wheel 
shaft bearings ((1) of fig. 7) and brush a 
small amount of oil over the surface of the 
worm wheel shaft from the worm wheel 
to the finger stop bearing, for rust protec- 
tion. 

(2) Distribute 1 dip of oil on the governor shaft 
bearings ((2) of fig. 7). 

(3) Place 1 drop of oil in the finger plate 
mounting screw hole to lubricate the dial 
shaft bearings ((3) of fig. 7). 

(4) Apply 1 dip of oil to the main wheel bearing 

| ((4) of fig. 7). 

(5) Cover the exposed portion of the main bear- 
ing ((5) of fig. 7) on the governor side of 
the mounting plate with 1 dip of oil for rust 
protection (with the spring removed). 

(6) Apply 1 dip of oil to the governor shaft 
worm ((6) or fig. 7). Brush a small 
amount of oil on the shaft under the gov- 
ernor wings for rust protection. 

d. Lubricate the following parts of the dial by ap- 
plying instrument oil (P-38) (table V) in the 
amount specified : 

(1) Brush 1 dip of oil evenly over the ratchet 
teeth ((7) of fig. 7). Brush 1 dip of oil 
evenly over the gear teeth. 

Distribute 1 dip of oil on the edge of the 

cam and threaded portion of cam shaft ( (8) 

of fig. 7) and to the pawl bearing ((8) of 

fig. 7). 

(3) Distribute 1 dip of oil on the fiber buffers 
of the shunt and pulse springs ((9) of fig. 

7). Allow the oil to stand for a short time, 

and then remove surplus oil. 


(2 


Nowe” 


Caution: Do not apply oil to the rubber buffers, 


(4) Distribute one dip of oi! between the spring 
coils ((10) of fig. 7) for rust protection. 
e. Remove any excess lubricant from surfaces 
when lubrication is completed. 


25. Dynamotor Ringing Machine Lubrication 
(fig. 8) 


a. The dynamotor ringing machine used in typical 
step-by-step dial central offices has _ sleeve-type 
bronze bearings; its bearing housings are packed 
with wool. The wool is thoroughly oiled before the 


machine is shipped from the factory. The bearings 
do not require oiling until after 6 months of opera- 
tion (or 1 yr. in storage), and under normal operat- 
ing conditions require oiling once a year thereafter. 
Never lubricate the dynamotor ringing machine 
more often than every 6 months. 
(1) Lubricate the dynamotor ringing machine 
by giving the oil cups ((1) of fig. 8) 1 
filling of oil (OE-10) (table V). The oil 
feeds slowly into the bearing housing and 
is absorbed by the wool packing. No oil 
should remain visible in the oil cups. Visi- 
ble oil indicates over-oiling. Do not pour 
the oil into the opening in the top of the 
bearing housing. This causes overlubrica- 
tion, resulting in oil-soaked motor windings. 
(2) Do not lubricate the composition fiber gear 
and the steel worm ((2) of fig. 8) driving 
the interrupter shaft because they have al- 
ready been lubricated by the manufacturer. 
Further lubrication is not recommended by 
the manufacturer. If the gear becomes 
noisy, apply a small amount of graphited 
lubricating oil (table V). 





TM 2103-8 


1. Oi cups. 2. Composition fiber gear and steel worm. 
3. Two sealed bearings on the ends of interrupter shaft. 


Figure 8. Lubrication chart for dynamotor ringing machine. 


(3) Do not lubricate the two sealed bearings 
((3) of fig. 8) on the ends of the inter- 
rupter shaft. They are packed with grease 
at the factory and require no additional 
lubrication. 


b, In dial central offices using older types of ring- 
ing dynamotors, lubricate according to the manufac- 
turer’s instructions. Machines having oil-ring type 
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bearings require that the oil cups be kept about half 
filled with oil at all times; check the oil level weekly. 


26. Diverter-pole Motor Generator (fig. 9) 


a. The ball bearings of the diverter-pole motor 
generators are thoroughly lubricated before shipment 
is made from the factory. Additional lubrication 
should not be required until after 2 years of operation 
(or 1 yr. of storage), and every 2 years thereafter. 

b. Make monthly inspections to be sure that the 
bearings are running quietly and without overheat- 
ing. If inspection reveals hot or noisy bearings, lubri- 
cate as outlined in c below. 

c. When lubrication of the motor generators (fg. 
9) is required, apply the specified lubricant in the 
amount specified, to the following parts: 

(1) Remove the grease fittings ((1) of fig. 9) 
and the bearing housing drain plugs ((2) 
of fig. 9). With a clean orange stick or 
similar instrument free the openings of any 
hardened grease. 

(2) Place a suitable receptacle under the drain 
holes. Place the motor generator in opera- 
tion. Pour a small amount of light flushing 
oil in the holes from which the grease fit- 
tings have been removed. Allow the oil 
to drain from the bearing housing. Repeat 
this process until the flushing oil drained 
from the bearing housing is clean. 





1. Grease fittings. 


2. Bearing housing drain plugs. 


Figure 9. Lubrication chart for diverter-pole motor generator. 


(3) When the old lubricant is not easily re- 
moved from the bearings, leave the drain 
plug in the bearing housing, and pour in a 
small amount of flushing oil. Operate the 
machine with no load for a few minutes to 
flush all parts of the bearing housing 
thoroughly ; then stop the machine, remove 
the drain plug, and drain the bearing hous- 
ing. Repeat this process until the flushing 
oil drained from the bearing housing is 
clean. 


(4) After completing the flushing and draining, 
as outlined in (1) through (3) above, re- 
place the drain plug. Fill the bearing hous- 
ing about one-third full of light machine 
oil. Run the machine under no load for 
one-half hour. Remove the drain plug and 
and allow the machine oil to drain com- 
pletely out of the bearing and _ bearing 
housing. 

(5) Replace the grease fittings if used. On 
machines using grease cups or plugs, do not 
replace the grease cups or plugs. Do not 
replace the drain plugs. Use the grease gun 
supplied by the manufacturer, and fill the 
bearing housings with grease (GL) (table 
V). Never add grease with a grease gun 
unless the drain plug is removed. With the 
machine running, force grease slowly into 
the bearing housings. Add grease until it 
begins to be expelled from the drain hole. 
Do not overfill, The housing should be 
about one-half full. Keep the machine run- 
ning for a few minutes to expel excess 
grease. 

(6) Stop the machine and replace the drain 
plugs (also the grease cups or plugs if 
used). Wipe off any traces of the flushing 
oil on the shaft next to the bearing hous- 
ings. 


27. Other Parts Requiring Lubrication 


Armature-type relays usually are not lubricated. 
In case of extremely heavy use, however, inspect and 
lubricate if necessary. Never lubricate relays exposed 
to grit or dust. Lubrication under such conditions 
increases rather than retards bearing wear, and may 
also cause sticking or nonoperation of the armature. 
When lubrication is indicated, apply oil (PL-Spe- 
cial) (table V) to the relay bearings ((1) of fig. 
10). One dip of oil should be sufficient to lubricate 
the bearings of six relays. 
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1. Relay bearings. 
Figure 10. Lubrication chart for relays. 


Section IV. ROUTINE TESTING 


28. Routine Testing Procedure 


a. Step-by-step dial central office switching equip- 
ment must be tested in scheduled routines to detect 
equipment faults before serious service interruptions 
result. Special equipment is provided in step-by- 
step dial central offices for routine testing (Sometimes 
called routining). The power equipment is tested by 
means of the indicating meters on the power board. 


b. The wire chief determines the frequency of 
routine tests, depending on operating conditions. 
Enter the results of routine tests on the DAAGO 
Form 11-207 (Routine Progress Record). 


c. The following equipment is used in typical step- 
by-step dial central offices for routine tests: 


(1) Connector routine test set (Auto Elec 
H-45987-1) (fig. 13). This test set is used 


on regular 100-point or 200-point connec- 


tors, PBX (trunk-hunting) connectors and 
reverting-call switches. Refer to TM 
11-2113 for complete operating instructions 
for routine tests, and the theory of opera- 
tion of the connector routine test set. 


{2) Stepping-suntch test set (Auto Elec 
H-55165—B ) (fig. 14). This test set, some- 
times called wnpulse testing machine, test- 
pulse machine, varying machine, interrupter 
machine, and dial pulse generator by the 
manufacturer, is used to test the pulse re- 
peaters, the vertical stepping action of se- 
lectors, and the vertical and rotary stepping 
action of connectors. TM 11-2114 covers 
the theory of operation and operating pro- 
cedure for routine tests with the stepping- 
switch test set. 


(3) Test telephone handset (Auto Elec 


TRANSMITTER 


HOUSING 


SHORT CIRCUITING 
PUSH SWITCH 


cm 


Figure 11. Test telephone handset. 


L-965-AO) (figs. 11 and 12). This hand- 
set type test telephone is used for testing 
step-by-step dial central office switching 
equipments which are provided with test 
jacks. The test telephone handset has a 
dial, a series capacitor, and a 1,200-ohm 
resistor. The capacitor permits monitoring 
in a circuit without disturbing the connec- 
tion. A push-switch, marked C on the test 
telephone handset, normally short-circuits 
the capacitor (fig. 11). The capacitor is 
placed in the circuit by holding push-switch 
C operated. The resistor normally is short- 
circuited by a push-switch, marked R. Op- 
erating push-switch R places the resistor in 
series with the line, and simulates the ex- 
treme limit of loop resistance of a substation 
line while dialing during tests. The test 
telephone handset cord terminates in a spe- 
cial plug which mates with the terminals of 
the test jack on the switching equipment. 
plugging in the test telephone handset 
closes the loop circuit to the equipment, 
causing it to be busy to any other calls and 
preparing it for dialing. Operating push- 
switch C opens the loop circuit, permitting 
the equipment to release. To monitor on 
equipment that is busy, push-switch C 
should be held operated. Use the test tele- 
phone handset to localize trouble in switch- 
ing equipment. It may also be used for 
routine testing, but the special test sets sup- 
plied for this purpose give more complete 
checks and should be used whenever groups 
of switches are to be checked. Refer to 
TM 11-2111 for further details concerning 
the test telephone handset. 


OAL ~ANO 
RECEIVER HOUSING 


“R"PUSH SWITCH 
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Figure 12. Test telephone handset, scheinatic diagram. 


d. Operate the busying switch on units showing 
faulty operation to take them out of service. Operate 
this switch by turning the lever 90°, so that the 
handle points outward. Complete the routine tests, 
record the defective units, and make repairs at the 
earliest possible time. Most of the faults can be cor- 
rected by adjustment (pars. 46 through 50). When 
repairs are required, follow the procedures indicated. 


29. Ringing, Tone, and Interrupter Circuit 
Tests 


The ringing machine control circuit 1s designed so 
that when ringing machine No. 1 is used, ringing 
machine No. 2 acts as a stand-by which is automati- 
cally switched into the circuit if ringing machine No. 
1 fails. The ringing machines generate ringing cur- 
rent and tones, and have interrupters for automatic 
ringing and delayed alarms. 

a. Test the automatic switching of the ringing 
machines daily at the power board. Operate to the 
OFT’ position the manual starting switch which con- 
trols ringing machine No. 1. Failure of ringing cur- 
rent from ringing machine No. 1 should cause the 
ringing machine transfer relays to operate, switching 
the tone, interrupter, and alarm time delay circuits 
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to ringing machine No. 2, which automatically starts 
at the same time. The interruption of the ringing 
current causes the power board alarm bell to sound 
and the visual signals to operate momentarily until 
ringing machine No. 2 delivers ringing current. The 
current from ringing machine No. 2 cuts off the alarm 
signals with the exception of the white RM1 
OFF lamp on the miscellaneous lamp and switch 
panel. This lamp remains on until ringing machine 
No. 1 is put back into the circuit. Should ringing 
machine No. 2 fail to deliver ringing current, the 
alarm circuits operate. Refer to TM 11-2108 for a 
detailed explanation of the functioning of the auto- 
matic switching and alarm circuits. 

b. Inspect the ringing generator interrupter relays 
on the power board weekly. Since these relays oper- 
ate constantly, check them to make sure that they 
are responding to the opening and closing of their 
control circuits by the five sets of interrupter con- 
tacts on the ringing machine assembly. Clean and 
adjust the ringing generator interrupter relays if 
necessary (pars. 54 and 55). 

c. Check the ringing and tone circuits daily. 


30. Supervisory Signal Tests 


Test the supervisory signal system daily, if prac- 
tical, to assure that the switchman will receive prompt 
notice of any failure of step-by-step dial central office 
equipment. Refer to TM 11-2108 for a complete 
description of the alarm circuits. 

a, Fuse ALARMS, 

(1) Test the main battery fuse alarm circuit by 
connecting a test receiver or test lamp (fig. 
15) between the left end of the alarm fuse 
(located just below the main fuse) and the 
fuse alarm stud (approximately under the 
center of the alarm fuse). The red fuse 
alarm lamp on the panel below the alarm 
fuse should light, and the alarm bell should 
sound. 

(2) Test the distributing fuse alarm circuit by 
connecting a test receiver or test lamp (fig. 
15) between the upper bus-bar terminal of 
any of the distributing alarm fuses and the 
small alarm bus-bar directly under the 
alarm fuses. The red alarm lamp on the 
left side of the fuse panel should light, and 
the alarm bell should ring. 

(3) Test the fuse alarm circuit for the super- 
visory fuse panel by connecting a test re- 
ceiver or test lamp (fig. 15) between the 





upper bus-bar fuse terminal of any of the 
3-amp (ampere) fuses and the fuse alarm 
bus-bar below the fuse terminal. The red 
fuse alarm lamp (upper one) on the left 
side of the fuse panel should light, and the 
alarm bell should ring. Short-circuit the 
upper terminal of any of the 1-ampere fuses 
on the same panel and the associated fuse 
alarm bus-bar. The lower red alarm lamp 
(on the left side of the panel) should light, 
and the alarm bell should ring. 

(4) Follow the procedure outlined in (1) 
through (3) above to test the fuse alarm 
circuit for the attendant’s switchboard and 
for the wire chief’s test desk. The red 
alarm lamp on the left of the lamp panel 
1—F should light, and the alarm bell should 
ring. 

(5) Test the fuse alarm circuit of each of the 
power board signal group relays. The red 
bay lamp associated with that particular 
signal group should light, and the alarm 
buzzer should sound. 

(6) Test the fuse alarm circuit of the motor- 
generator charging circuit by connecting 
between one terminal of the alarm fuse (at 
the left of the main fuse) and the fuse stud 
under the center of the alarm fuse. The 
red motor-generator fuse alarm lamp 
(MGFA) should light and the alarm bell 
should sound. Test the alarm circuits of 
both motor generators. This test also tests 
the fuse alarm circuit for the reverse cur- 
rent relay. 


b. HiGH- anp Low-VoLTaGE ALARM. Test the 
high-voltage alarm circuit by operating the armature 
of the high-voltage relay (HV) by hand. The white 
voltage alarm lamp (VOLT ALM) at the top of the 
panel should light, and the alarm bell should ring. 
Test the low-voltage alarm circuit by releasing the 
armature of relay LV. The white voltage alarm lamp 
(VOLT ALM) should then light and the alarm bell 
should ring. 


c. END-CELL AND RECTIFIER ALARMS. 


(1) Test the end-cell alarm and switching cir- 
cuit by releasing the armature of the end- 
cell voltage switch (ECV). The white 
END CELL ALM lamp on the right side 
of the panel should light. 

(2) Test the rectifier alarm circuit by throwing 
the rectifier switch to the OFF position. 


The red alarm lamp just below the switch 
should light. 

d. RincING MACHINE ALARM. Test the ringing 
machine alarm circuit by following the switching 
procedure described in paragraph 29a. 

e. DELAYED ALARMS. An alarm circuit with time 
delay is incorporated in the power circuit. It 1s com- 
posed of two sets of interrupters in the ringing 
machine and a chain of delay relays on the power 
board. The circuit is connected to the release signal 
relays on the linefinder, selector, and connector 
shelves. 

(1) Test the linefinder delayed release alarm 
circuit on each linefinder shelf by raising a 
linefinder switch shaft. Hold it in the raised 
position until the delay alarm cycle is com- 
pleted and the alarm buzzer sounds. Make 
sure that the green release lamp (RLS) 
(on the shelf on which the switch is 
mounted) lights, and that the red bay lamp 
lights. 

(2) Test the delayed alarm circuit for line- 
finder starting and linefinder permanents 
(par. 43c) by manually operating the arma- 
ture of relay C—3 on the group relay assem- 
bly. Hold it in the operated position untul 
the delay cycle is completed and the power 
board alarm buzzer sounds. Make sure that 
the white START lamp (on the shelf on 
which the switch is mounted) lights, and 
that the red bay lamp also lights. 

(3) Perform tests similar to those outlined in 
(1) and (2) above on the selector and con- 
nector shelves until all of the signal group 
alarm circuits have been tested. On the 
selector and connector shelves, the green 
release lamp (RLS) and the power board 
alarm buzzer. operate in this delayed alarm 
test. 

f. CDF Atarm. Test the CDF heat coil and pro- 
tector alarm circuit by short-circuiting an inner 
terminal (line) or the alarm contact of a protector 
to ground. This should cause the white tell-tale lamp 
associated with the particular vertical frame to light. 
Repeat the test on all verticals. 

g. SUPERVISORY SIGNAL Lamps. The white super- 
visory lamp on each connector and selector shelf indi- 
cates that either the calling or the called party has 
not replaced the receiver on the hookswitch, or that 
some other trouble is holding the hookswitch oper- 
ated. 

(1) Test the selector supervisory lamp circuit 
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by manually operating relay A on one of 
the selectors on each shelf and observing 
that the supervisory lamp glows. 

(2) Test the permanent supervisory lamp 
(PERM) on the connector signal panel by 
manually operating relay D on one of the 
connectors. 


31. Linefinder Tests 


a, CHAIN Circuit Test (daily). 
(1) Short-circuit the top two group relay springs 
associated with group A of a linefinder unit. 
The idle linefinders in group A should step 
up to the fifth level and rotate to the 
eleventh position, and then release, in proper 
sequence. While the switches are stepping 


and rotating, watch for slow, uneven, or . 


otherwise abnormal operation. 

(2) Operate group A busy key and note that the 
idle linefinders in group B are selected, step 
to the tenth level, rotate to the eleventh 
position, and release, in proper sequence. 

(3) Repeat steps (1) and (2) above, starting 
with group B of a linefinder unit to deter- 
mine whether the equipinent will transfer 
both ways. Perform this chain circuit test 
daily on all linefinder units in the ener 

b. OpERATION TEST (weekly). 

(1) First, test group A of a linefinder unit, 
using the test telephone handset (figs. 11 
and 12 and Auto Elec L-965-AO). Insert 
the test plug of the handset into the group 
relay test jack, with the push switch on top. 
This will cause one of the linefinders to 
select the test line, No. 29. 

(2) Listen for dial tone, then dial the digit of 
a vacant level (par. 41a(6)) (any unused 
level as shown on the step-by-step dial cen- 
tral office schematic cabling diagram (figs. 
100 and 101) furnished by the manufac- 
turer). The dial tone should change to all- 
trunk busy tone. 

(3) Operate push-switch C on the test telephone 
handset to release the linefinder. 

(4) Release push-switch C, thus causing the 
next idle linefinder to select the test line 
(No. 29). 

(5) Repeat steps (1) through (4) above until 
all linefinders of group A have been tested. 

(6) Operate the group relay busy key in line- 
finders group A and proceed with the test 
on linefinders of group B. 
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(7) Restore the group relay busy key of line- 
finders group A. 

(8) Make a similar test of linefinders of group 
B from the group B test jack, and transfer 
to linefinders group A to determine whether 
the equipment will transfer both ways. Per- 
form this operation test weekly on all line- 
finders on the exchange. 

Note. The test line number in linefinders group B is No. 99. 


32. Connector Ringing, Talking, and Busy 
Tests (fig. 13) 


Frequent routine tests of connector switches are 
essential. If one of the connectors does not perform 
all its functions properly it will cause serious service 
interruptions, since the same connector might be 
selected every time that it is the first choice for a 
selector searching for an idle connector in the group. 
Make daily tests with the connector routine test set 
(fig. 13 and Auto Elec H-45987-1). Refer to TM 
11-2113 for more detailed information on this test 
set. 3 

a, PREPARATION (fig. 13). Connect the ANS- 
48V plug of the connector routine test set (fig. 13) 
into test No. 199 jack on the test number panel 
mounted on one of the shelves in each connector bay. 
For 200-line connectors the test jack on the left of 
the strip is No. 199 and the jack at the right is No. 
299. Test No. 199 on each connector in turn, insert- 
ing the test plug in its test jack and performing the 
following tests. 

b. Busy Test (fig. 13). Dial test No. 199. The 
connector should make nine vertical and nine hori- 
zontal steps and switch through to the test number. 
The connector routine test set loop circuit has 1,200 
ohms resistance, giving a critical test of the response 
of the stepping mechanism. Leave all lever switches 
(keys) on the connector routine test set at normal. 
When the connector has switched through to the 
test number, busy tone should be heard in the con- 
nector routine test set receiver (fig. 13). Release the 
connector by operating the RLS switch. 

c. Rincinc, Rinc Cut-Orr, AnD TALK TEST (fig. 
13). Operate the SHUNT switch on the connector 
routine test set (fig. 13) to remove busy tone from 
the test number, and again dial the test number. This 
combines a test of connector vertical and rotary step- 
ping with a shunt leakage across the loop and permits 
test for idle line conditions. When the connector 
switches through to the test number, interrupted ring- 
ing current is sent to connector routine test set ringer 
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Figure 13. Cord connections for connector routine test set. 
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and ring-back tone is sent to the connector routine 
test set receiver. The ringer and ring-back tone 
should sound intermittently, and the primary normal 
lamp (PRI-NOR) on the connector routine test set 
should glow. If this does not occur, recheck the con- 
nector routine test set connections and make sure the 
proper test number has been dialed. If the ringing 
test is satisfactory, hold the ring cut-off switch 
(RCO) operated on the connector routine test set. 
This stops the ringing and the ring-back tone. The 
connector routine test set then transmits a buzzer 
tone through the connector to the connector routine 
test set receiver. Reception of the tone indicates that 
the ring cut-off and talking circuits of the connector 
are satisfactory. This test applies to connectors with 
reverse battery circuit, used in typical step-by-step 
dial central offices. For types of connectors without 
reverse battery in older step-by-step dial central 
offices, operate the no-reverse switch (NO REV) to 
make this test. 

d. BANK SELEcTION TesT (fig. 13). With the 
ANS-48V plug of the connector routine still con- 
nected to test No. 199, dial No. 299, The ringer 
should not sound and ring-back tone should not be 
heard. This indicates that the bank selecting relay 
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of the connector has functioned properly and has 
switched the bank contact wipers to the upper bank. 

e. RELEASE BY CALLED Party Test (fig. 13). For 
connectors that are released by the called party, re- 
store the RCO switch to its normal position. The 
connector should not release. Notice that the white 
PERM lamp on the supervisory signal panel glows. 
Again operate the RCO switch and note that the lamp 
does not glow. With the RCO switch operated, oper- 
ate the RLS switch. The connector should not re- 
lease, but the RLS TRK lamp on the connector rou- 
tine test set should flash and the PERM lamp on the 
connector signal panel should glow. Restore the RCO 
switch, and the connector should now release. Return 
all switches to the normal position. Connect the test 
plug to the test jack of the next connector to be 
tested. 

f. TRunkK-Huntinc (PBX) Connector TEST. 
Trunk-hunting or PBX (private branch exchange) 
connectors are designed for connecting to trunks of 
PBX switchboards, or for ringing adjacent telephones 
in an office when the dialed telephone is busy. The 
trunks or telephones for this service are assigned 
numbers in sequence, and the connector searches over 
each number in the group until one is found not busy. 
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If all the numbers in the group are busy, busy tone 
is sent back at the last number in the trunk or line 
sequence. This type of connector has bank contact 
No. 90 assigned as test number, multiplied to test 
No. 199 on the nearest regular connector shelf. Bank 
contact No. 99 of trunk-hunting connectors is made 
busy. When testing trunk-hunting connectors, con- 
nect the ANS—48V plug of the test set to test No, 199 
on the nearest regular connector shelf, connect the 
test plug to the test jack on one of the trunk-hunting 
connectors, and then dial 99. Since 99 is busy, the 
rotary stepping circuit of the connector should ad- 
vance it to the last step, No. 90. This tests the con- 
nector for passing busy numbers and stopping on the 
first idle one. Conduct other tests in the same man- 
ner as for regular connectors. 

g. Usinc Test TELEPHONE HANpsET (figs. 11 
and 12). When testing connectors with the test tele- 
phone handset, always dial the test number, or the 
number of a telephone located in the switchroom, to 
avoid ringing telephone lines unnecessarily. 

h, TESTS WITH STEPPING-SWITCH TEstT Set (fig. 


but under some conditions it may be desirable to test 
only the switch mechanism. The stepping-switch test 
set tests the stepping mechanism with a high-resis- 
tance loop, or with a low-resistance loop having shunt 
leakage. Connect the stepping-switch test set to bat- 
tery, and insert the test plug into the test jack of the 
connector. Operate the LOOP switch on the switch- 
box of the stepping-switch test set for the high re- 
sistance loop test. Operate the RLS switch to release 
the connector. Operate the SHUNT switch for the 
leakage test. The stepping-switch test set sends test 
pulses in series of 9, stepping the connectors ver- 
tically and horizontally to the test No. 99 or No. 299. 
Connectors which respond correctly are considered 
satisfactory. Refer to TM 11-2114 for complete in- 
formation on the stepping-switch test set. 


33. Reverting-call Operating Tests 


a. Reverting-call switches may be tested by lifting 
the handset from the cradle of any telephone under 
test dialing the special reverting-call number, usually 
No. 19, and replacing the receiver on the hookswitch. 
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STEPPING -SWITCH TEST SET 
Figure 14. Cord connections for stepping-suttch test set. 


14). The stepping-switch test set (Auto Elec H- 
55165-B) tests the vertical and rotary stepping and 
the release of the connector switch mechanism. These 
tests are made by the connector routine test set (fig. 
13) in the course of the ringing, talk, and busy tests, 
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The ringer of the telephone set should sound inter- 
mittently until the handset is again lifted. This should 
stop the ringing, and again replacing the handset 
permits the switch to release. If two telephones are 
installed in the switchroom, wired for two-party 


service, a test can be made for ringing both parties. 
Lift the handset of one telephone, dial the reverting- 
call number, and replace the handset. Note tHat both 
ringers sound. Lift one handset to stop the ringing. 
With both handsets lifted from the cradle, make a 
talking test to verify the operation of the battery 
supply circuit of the reverting-call switch. Replace 
both receivers and note that the reverting-call switch, 
special second selector and linefinder release. 

b. Reverting-call switches may also be tested with 
the connector routine test set (fig. 13). Connect the 
CALL cord test plug into the test jack of the revert- 
ing-call switch. Note that the RT lamp on the test 
set glows. Operate the RC RING-RC RCO switch 
to the RC RING position. The test set ringer should 
sound. Operate the RC RING-RC RCO switch to 
the RC RCO position to stop the ringing. Release the 
reverting-call switch by operating the RLS switch. 
Refer to TM 11-2113 for complete information on 
the connector-routining test set. 


34. Selector Cuf-in and Release Tests 


a. ROUTINE SELECTOR TESTS WITH THE STEP- 
PING-SWITCH Test Set (Auto Elec D-55165-B). 
Connect the test plug of the stepping-switch test (fig. 
14) into the selector test jack. Operate the LOOP 
push-switch and note that the selector operates to 
the ninth vertical level and that rotary stepping cuts 
in at this level. If all trunks are busy, or if the ninth 
level is vacant, the selector will step to the eleventh 
rotary step and connect busy tone. If any trunks are 
connected to the ninth level, the selector will stop at 
the first idle trunk. Momentarily operate the vertical 
off-normal switch lever, at the top of the switch 
frame, and note that the selector advances to the next 
trunk. Failure to advance indicates an open circuit 
in the trunk. Test each trunk in this manner. Test 
one of the trunks that the selectors indicate is busy 
by observing which selector in the group 1s using that 
trunk, and by monitoring with the test telephone 
handset (Auto Elec L-965-AO). If no trunks are 
busy, make them busy by operating the busying 
switches (busy keys) on the shelf of the units into 
which these selectors are trunked, and observe that 
the selectors do not stop on the busy trunks. 

6b. ROUTINE SELECTOR TESTS WITH THE TEST 
TELEPHONE Hanpset (figs. 11 and 12). A selector 
may be tested on all of its levels by using the test 
telephone handset (Auto Elec L-965—AO) and dial- 
ing the selector level desired. Test the rotary step- 
ping action on each level in the same manner as 


above. If the selector is a regular first or second 
selector, dial the test number in the connector groups 
for each test. 


35. Interoffice Trunk Tests 


Although interoffice trunks are usually in constant 
use by the switchboard operators and troubles on 
them are ordinarily reported at once, routine tests 
of the trunks and the associated pulse repeaters and 
incoming first selectors must be made to insure satis- 
factory operation of the dial circuits. Use the test 
telephone handset or the stepping-switch test set to 
make these tests. Make the tests in coordination with 
a inan in the distant dial central office, after first 
testing the selectors. 

a. TESTS WITH THE STEPPING-SWITCH TEST SET 
(fig. 14). Connect the test plug into the test terminals 
of the repeater. Operate the LOOP push-switch, 
while the man at the distant office observes the func- 
tioning of the incoming selectors. Operate the RLS 
push-switch, and again test by operating the SHUNT 
push-switch. This gives a performance test of the 
repeaters and selectors with standard limits of trunk 
line resistance and leakage. 

b, TESTS WITH THE TEST TELEPHONE HANDSET 
(figs. 11 and 12). When the trunk tests are made 
with the test telephone handset, connect the test plug 
into the test terminals on the repeater, with the test 
plug push-switch button downward. Hold push- 
switch R on the handset operated, and dial the de- 
sired selector level of the distant office, while the man 
at the distant office watches the functioning of the in- 
coming selectors. Release push-switch R and operate 
push-switch C. This permits the trunk equipment to 
release. 

c. Tests aT Distant D1aAL CENTRAL OFFICE. 
When all the trunk tests are completed from the local 
dial central office, the man at the distant dial central 
office should perform the same tests, while the func- 
tioning of the incoming selectors is observed in the 
local office. 


36. Insujation Resistance Tests 


a. Periodical measurement of the insulation resist- 
ance of the switch bank multiple cables and trunk 
cables 1s necessary, to determine whether moisture 
absorption or deterioration has occurred. Tests of 
the bank multiple cables will show whether the equip- 
ment in the dial central office has been exposed to 
and affected by high humidity conditions warranting 
corrective measures. The minimum standard of in- 
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sulation resistance has been established as 350 meg 
(megohms) per pair of contacts. In completing a 
call from a line entering at 1 pair of CDF terminals, 
through the switch banks, wipers, trunks, terminal 
boards, cables, and back to the outgoing line terminals 
at the CDF, insulation resistance of more than 100 
contacts may be in parallel. (Remember that switch 
contact banks of each shelf are multiplied.) The 
minimum desirable over-all insulation resistance is 1 
megohm (1,000,000 ohms). This is 350 megohms 
divided by the number of contact pairs involved in 
placing the call. 

b. When measuring insulation resistance in the dial 
central office, the lines or circuits must be cleared of 
any battery connection or bridged coils. The test is 
usually made through the wire chief’s test desk, using 
either the Wheatstone bridge or the volt-ohm-milli- 
ammeter. Older type test desks have a voltmeter with 
series battery in place of the volt-ohm-milliammeter, 
but all are equipped with a Wheatstone bridge. The 
bridge provides the higher resistance range and 
greater accuracy for this test. See TM 11-2110 for 
procedures in making the resistance measurements. 

c. To make insulation tests at linefinder or con- 
nector banks, open the substation line circuits at the 
CDF (MDF) by removing or insulating the heat 
coils, The test 1s made from the test desk over the 
test switch train, through dialing the number of each 
individual line to be tested. Test with the volt-ohm- 
milliammeter by connecting the primary test cord to 
the test distributor trunk jack and operating the HI 
switch to the OHM-HI position. An alternate 
method is to test with the Wheatstone bridge by con- 
necting the WB cord to the test trunk jack and oper- 
ating the WB switch on the test desk to the WB 
position. This removes the shunt leakage of the out- 
side line. The test distributor operates the line relay, 
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disconnecting the coil of the line relay normally 
bridged across the line. After making the test, re- 
turn the circuits to operating condition, and repeat 
the test procedure for each line associated with the 
banks. 

d. When testing trunks from first selectors to sec- 
ond selectors, block the armature of relay D in the 
second selector in the operated position in order to 
disconnect the battery voltage and relay coils from 
the trunk. Operate the busying switch on each selec- 
tor before testing. When testing a trunk from selec- 


tors to connectors, remove the connector from the | 
shelf, since it is difficult to clear the trunk otherwise. | 


e. Test the outside plant line insulation from the 


test desk, using the CDF test shoe and either the © 
Wheatstone bridge or the volt-ohm-milliammeter. In | 


wet weather, the insulation resistance of telephone 
lines should be a minimum of 15,000 ohms while that 
of interoffice trunks should be not less than 30,000 
ohms. In dry weather, an insulation break-down test 
should be made on each line. The insulation resist- 
ance of any line in dry weather after the break-down 
test should be not less than 25,000 ohms. Any lines 
not meeting this standard should be inspected for 
trouble or deterioration. The above resistance values 
are the resistance between conductors, or between 
the conductors in parallel and ground. 

f. Low insulation resistance on all or most of the 
central office wiring indicates excessive dampness. 
Use heaters, either electric strip heaters or heaters 
equipped with fans, to dry out the insulation (par. 9). 
If low insulation resistance is found on only a few 
lines or trunks, inspect these lines for insulation 
leakage troubles. If the leakage is in bank contacts 
and cannot be easily corrected, it may be necessary 
to transfer the line to another number or terminal 
having normal insulation resistance. 


CHAPTER 3 


TROUBLE SHOOTING 





Section |. CENTRAL OFFICE SPECIFICATIONS, DRAWINGS, AND RECORDS 


37. Equipment Specifications and Drawings 


a. GENERAL. Before attempting trouble-shooting 
operations, thoroughly study the manufacturer’s 
equipment specifications. These contain the type 
numbers and part numbers of the equipment, the 
drawing numbers of the wiring diagrams, circuit 


schematics, and maintenance drawings, as well as a 


description of the method of operation of the central 
office and individual equipment. These specifications 
and drawings should be located in the wire chief’s 
files. If the wire chief’s papers are incomplete for 
any reason, request copies or substitutes of required 
items, through channels, from Army Communication 
Service Division, Office of Chief Signal Officer. The 
following sub-paragraphs list some of the specifica- 
tions and drawings supplied by the manufacturer for 
the wire chief’s files. Typical examples of sequence of 
operation, trunking, and numbering are given in sec- 
tion II as a guide in trouble shooting. 


Caution: There are numerous inconsistencies in 
abbreviations used by the manufacturer. One abbre- 
viation may stand for several different terms, or sev- 
eral different abbreviations may stand for one term, 
even on the same drawing. The abbreviation must be 
considered in context. 


b. EQUIPMENT SPECIFICATIONS. The manufac- 
turer’s equipment specifications are numbered serially, 
with a 4-digit job number for the particular central 
office, plus a standard suffix number indicating the 
type of equipment covered by the specification. The 
specifications list the part numbers of the equipment 
‘components, the drawing number and suffix of the 
circuit diagrams, and general notes on installing, in- 
terconnecting, and operation. 


Table VI. Manufacturer's Equipment Specifications 


Equip. spec 
sufhx No. Contents 
600 Attendant’s switchboard, equipment and in. 
stallation. 
702. ~=~-. | Cabling, cable runs, forming, and installation. 


Table VI. Manufacturer's Equipment Specifications 


—Continued 
Equip. spec 
sufhx No. Contents 

703 Cable runways. 

722 Frames for switching equipment. 

723 Linefinder, line equipment, selector, connector, 
repeater and miscellaneous shelves, equipment 
and installation. 

725 Testing equipment, installing material, mainte- 
nance tools and spare parts. 

726 Crash and conference relay rack and equipment. 

729 Relay rack and equipment for attendant’s 
switchboard. 

750 Test desk, equipment, and installation. 

767 Power, ringing and supervisory equipment, and 
installation. 

769 Distributing frames, equipment and _ installa- 
tion. 

792 Installing information, summary of drawings 
(central office files) and central office method 
of operation. 

ACMO_ | Attendant’s switchboard, method of operation. 


TDMO | Test desk, method of operation. 





c. CENTRAL OFFIcE Drawincs. The manufacturer 
makes a number of drawings of the plans, cabling, 
system schematics, supervisory circuits, equipment 
locations, and interconnections. These drawings are 
individual to each office and are serially numbered. 
The number assigned to the individual drawings con- 
sists of the central office serial number plus sufhx 


_ letters denoting the type of drawing. The numbers 


are in the series H-57000 or H-76000, except that 
power board and power circuit drawings are in the 
H-93000 series. For example, a number H-76424— 
LFL indicates a drawing of linefinder shelf location 
for a particular office, and H-76424-SD indicates the 
schematic cabling diagram of the same office. H- 
93295-RTC indicates the ringing and tone circuit for 
a central office where specified. 
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Table VII. Central Office Draumgs 


Drawing No. 
suffix Equipment covered 
CDF Combined main, line, and trunk distributing 
frames. 
CL Connector shelf location. 
CP Cable plan. 
CR Cable runway. 
F Floor plan. 


LFL Linefinder shelf location. 


LFN Linefinder to first selector cross-connect‘ng 
scheme. 

RR Relay rack, conference group. 

SD Schematic cabling diagram. 

T-101 Distributing terminal assembly (selector, cross- 


connections). 


T-103 Distributing terminal assembly (selector, cross- 
connections). 

TR-1 Repeater and miscellaneous shelf locaton. 
Table ViII. Power Drawings 

Pa oe Equipment covered 

C Power circuit. 

Cl Supervisory wiring diagram. 

C2 Supervisory schematic d‘agram. 

RTC Ringing and tone circuit. 

S Power board stocklist and assembly. 


d. COMPONENT ASSEMBLY Drawinecs. Each com- 
ponent of step-by-step dial central office equipment 
has an assembly drawing, usually with the prefix D 
or H. They are often merely stocklists, having tables 
of the part numbers and drawing numbers of the 
items making up the component and all its variations. 
The drawing number of the item is also the part 
number, except for some small parts such as relay 
coils, wire-wound coils, and switchboard lamps. In 
these cases, many similar parts are grouped on one 
drawing, and the drawing number then differs from 
the part number. Prefixes sometimes used for draw- 
ings of subcomponents are D, H, L, M, MC, MP, R 
for relays, and RT for twin-contact relays. The draw- 
ing numbers include sufhx letters denoting manutac- 
turing variations. A separate stocklist for each sufhx 
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letter is sometimes shown. The wiring diagram for 
each variation is sometimes shown in a separate table 
near the title block. 

e. MAINTENANCE DraAwincs. Maintenance draw- 
ings are pictorial sketches of components.of the equip- 
ment with part numbers indicated by call-outs on the 
body of the drawing. This type of drawing carries 
the part number of the component, plus the prefix 
MD. For example, assembly drawing D-857015 has 
an associated maintenance drawing MD-857015. The 
MD drawings are useful in identifying manufac- 
turer's part numbers of replaceable parts when re- 
pairing equipment. 

f. CaBLE FormM aND TERMINAL Boarp COLor 
Cope. Drawings of cable forms and terminal board 
(block) color codes are in tabular form. One draw- 
ing number is assigned to an entire series of tables. 
Fach table is a separate sheet and is identified as a 
figure. Thus H—26587—Fig. 35 shows color codes for 
one type of terminal board (block), and H—26587- 
Fig. 269 for another type of terminal board (block). 
The applicable figures are specified by the design 
engineers, and the proper sheets are included in each 
central office file for the wire chief and installation 
personnel. The same system also applies to cable 
form drawings, except that suffixes are letters in- 
stead of figures. 

g. Wirinc DiaGrams. The wiring diagrams of 
major items such as switch shelf assemblies cover all 
models and variations of those items. Wiring dia- 
gram numbers have the prefix H. Each drawing may 
consist of a number of figures on one sheet. The 
proper figures for the particular model of equipment 
actually used are specified on the main assembly 
drawing of the item, or in the job specification. Care- 
fully study the drawings, notes, and specifications, 
and mark the wiring diagram to show clearly the cor- 
rect application of figures and details. Not all com- 
ponents have actual wiring diagrams, the schematic 
circuit diagram being the only reference. In some 
cases wiring diagrams are included on the assembly 
drawing. In other cases, a combined circuit schematic 
and wiring diagram is made. 

A. ScHEMATIC Circuit DraGRaMs. For the 
switching equipment components, such as linefinders 
and pulse repeaters, a schematic circuit diagram is 
issued, which indicates all wiring variations and some 
manufacturing changes. The variations are included 
on the body of the drawing, indicated by dashed 
lines, alternate connections, and shill or labels such 
as X-wiring, Y-wiring, and R-wiring. A column of 
notes indicates Fig. 1, use X-wiring, Fig. 2, use Y- 


wiring, or states what manufacturing changes cause 
variations. The equipment job specification listing 
equipment part numbers also lists the schematic cir- 
cuit number, and specifies the applicable figure num- 
ber. The assembly drawings of the component some- 
times specify which schematic circuit figure numbers 
apply to the stocklist suffixes indicating model varia- 
tions. These references are the only guides for de- 
termining the actual schematic circuit of the equip- 
ment supplied in the central office. Carefully study 
the specifications, assembly drawings, and schematic 
diagrams. Determine which figures and wiring varia- 
tions are specified, and mark the schematic diagrams 
to provide a ready reference for the actual circuits 
of the equipment used in the central office. The prefix 
of schematic circuit numbers is H. 

t, CIRCUIT EXPLANATION SHEETS. Each schematic 
circuit diagram has an associated explanation sheet 
providing a complete description of the circuit 
features, sequence of operation, and functions of 
components. Since the schematic circuit diagram 
covers many variations, the circuit explanation sheet 
explains all the possible features, functions, and se- 
quence of operation. The circuit explanation sheet 
should therefore be marked to indicate items not 
pertinent to actual conditions in the central office. 
Circuit explanation sheets have the same number as 
the schematic circuit, except that the prefix is E. 

j. RELAY ADJUSTMENT SHEETS. The functions 
and operating requirements of relays used in each 
circuit differ greatly. Standard adjustments and 
operate and nonoperate current limits of relays are 
determined separately for each circuit. A relay ad- 
justment sheet is then prepared for each circuit 
showing the standard requirements and adjustments 
for all relays used in that circuit. An explanation of 
the relay adjustment sheet is given in paragraph 58. 
The relay adjustment sheet is usually given the 
same number as the circuit, plus the prefix AH. 
Exceptions are sometimes made in which the relay 
adjustment sheet carries the part number of the unit, 
such as A—205212 for selector switch D-205212-A. 

k. STANDARD ADJUSTMENT SHEETS. Require- 
ments and mechanical adjustments of switches, switch 
mechanisms, and other apparatus are supplied in a 
series of standard adjustment sheets. These have 
prefix A, and are numbered from 100 upward: for 
example, A—100, A-135. Special adjustment sheets 
for specific items of equipment are given the part 
number of the equipment, plus the prefix A. Relay 
part No. D—55245 thus has a special adjustment sheet 
A-55245. 


38. Central Office Records 


a. GENERAL. Accurate records are necessary to 
permit adequate step-by-step dial central office main- 
tenance. The wire chief is responsible for keeping 
accurate records and reporting the condition and 
service performance of the central office. The neces- 
sary forms are listed in appendix I. These forms are 
AGO forms obtained through normal AG supply 
channels. 

b. CABLE Recorp. When a telephone is to be 
installed, the wire chief 1s advised of the location, 
name of user, and type of service required. The wire 
chief then assigns an idle telephone number to the 
line and checks the Signal Corps United States Cable 
Record (WD AGO Form 11-146) to obtain a spare 
pair in the terminal nearest the location named. This 
information is given to the installer and posted in 
the cable record. The installer calls in from the ter- 
minal before connecting the telephone to be sure that 
the pair is good. After the telephone has been in- 
stalled, the installer tests by dialing the wire chief’s 
number. If the line is a party line, it should be 
assigned to a party line pair which has a party 
vacancy. Otherwise, a new pair must be assigned. 
After the telephone has been installed and tested the 
telephone number and cable pair location in the ter- 
minal is recorded in the cable record by the wire 
chief. Refer to TM 11-2102 for procedure in filling 
out cable record forms. The cable record is used in 
maintenance and trouble procedures to identify the - 
location and to record the condition of cable pairs. 

c. Line Recorp Carp. Keep on file, in numerical 
order, a line record card (WD AGO No. 11-145) 
for each telephone number used in the area served by 
the central office. On cards listing numbers used by 
the second party of two-party lines, enter only the 
number of the second party (under LINE NO.) and 
the number of the first party (under TEL. NO. 1ST 
PARTY), to serve as a cross reference. Enter all 
other information pertaining to the second party in 
the space provided for it on the card filed under the 
first party’s number, including trouble reported by 
or found at the second party. On cards for individual 
lines, enter the required information in the space 
provided for the first party, strike out the heading 
TEL. NO. 2D PARTY, and leave the space pro- 
vided for the second party blank. Use ink for entry 
in LINE NO. and all entries on the trouble record 
(d below). Under LINE NO. write the telephone 
number of the substation to which the card refers, 
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for filing purposes. Make the penciled entries as 
follows: 

1. TEL. NO. 1ST PARTY. Enter the tele- 
phone number of an individual line, or of the first 
party of a two-party line. 

2. RING NO. Enter number of rings assigned 
to substation if on a party line with code ringing; 
otherwise leave blank. 

3. CLASS OF SERVICE. Enter a letter show- 
ing the class of service to which the user is entitled. 
Class A 1s service paid by the Government; Class B 
is service paid by individuals or companies; Class 
C is service restricted to post area ; Class D is service 
restricted to guards and fire companies. 

4. DATE INSTALLED. Enter day, month, 
and year of installation. Do not change this date as 
long as the original installation remains, regardless 
of who occupies the premises. 

5. ACCESS TO TRUNKS. Enter yes if the 
substation is entitled to service other than strictly 
local service. Enter no if only local service is fur- 
nished. 

6. NAME OR OFFICIAL POSITION. Enter 
the user’s name for a residence. Enter the official 
title for an office: that is, Post Signal Office or OMC 
depot. 

7. STREET ADDRESS. Enter street address 
only if needed. Ordinarily, enter here the rank and 
organization of the user. 

8. BUILDING NO. Enter building number or 
quarters number. 

9. AUTHORITY FOR INSTALLATION. 
Enter the work order number and date, or other 
authority for the installation. 

10. LOOP RES. OF LINE. Measure accu- 
rately the loop resistance of the line, and enter it 
here. Check this reading when making continuity 
tests thereafter. 

11. TEL NO. 2D PARTY. Enter information 
pertaining to the second party, if any, on items 11 
through 20 similarly as for items 1 through 10 above. 

21. SUBSTATION DATA. Enter the follow- 
ing information for each party. Under TELE- 
PHONE show the abbreviated name of the manu- 
facturer, and W or D to indicate wall or desk 
telephone. Under BOX CODE show the manufac- 
turer’s code for a bell box if installed separately, or 
his code number for a wall telephone. Under 
STAND. CODE show the code for a desk stand if 
installed, or leave blank if a wall telephone is used. 
Under EXTEN. CODE supply the same information 
for an extension subset, if one is installed. Under 
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ARRESTER show the manufacturer and his code 
for the type of arrester installed. Note that CABLE 
and PAIR appear twice. Use the first two columns 
for recording the cable and pair number of a via, a 
through type trunk or line, or for a multiple con- 
nection. Under the second CABLE enter the number 
of the cable in which the line circuit pair is located. 
Under the second PAIR enter the number of the 
cable pair furnishing service to the substation. ‘ Under 
TERM. enter the number of the terminal box from 
which the drop is run. Under PINS enter the pin 
number to which the drop is connected in the ter- 
minal box. 

22. LINE RELAY NO. Enter the number of 
the line relay associated with the line. 

23. Enter the linefinder group number and ter- 
minal number. 

24. Enter the connector terminals to which the 
linefinder terminal is crossconnected. 

d. TROUBLE REcorD ON LINE REcorD CARD. 
(1) Under the heading REPORTED are the 
subheadings DATE, HOUR, BY, and 
TROUBLE. Fill in the following informa- 


tion: 

(a) DATE. Enter the date trouble is 
reported. 

(6) HOUR. Enter the time trouble is 
reported. 


(c) BY. Enter Sub (for subscriber) if a 
user reports the trouble. If a trouble 
man, chief operator, or operator makes 
the report, enter his number or initials. 

(dq) TROUBLE. Enter abbreviation (e 
below) to describe trouble reported. 

(2) Under the heading TEST SHOWED 
enter abbreviation such as gd (ground) 
or short, to show the result of the line test. 

(3) Under the heading TROUBLE FOUND 
show the nature of the trouble actually 
found. 

(4) Under the heading CLEARED aré the sub- 
headings DATE, HOUR, and BY. Fill in 
the following information: 

(a) DATE. Enter the date trouble is 
cleared. 

(6) HOUR. Enter the hour trouble is 
cleared. 

(c) BY. Enter the number or initials of the 
person who cleared the trouble. 

e. ABBREVIATIONS USED ON LINE REcoRD Carb. 
Use the following abbreviations on the trouble 
record : 


(1) Cannot call—C C 

(2) Cannot hear—C H 

(3) Cannot be heard—C B H 

(4) Bells do not ring—B DR 

(5) Bells weak—B W 

(6) Cords out of order—Cds Od 

(7) Noisy—Nsy 

(8) No disconnect signal—N D § 

(9) Permanent signal—P S 

(10) Permanent ground—P G 

(11) Swinging ground—S G 

(12) No trouble found—O K 

(13) Swinging cross—S X 

f. WEEKLY STORAGE BaTTery Report. It is 

important that accurate battery records be kept in 
order to provide a complete history of battery service, 
use DA AGO Form 11-24 (Weekly Storage Bat- 
tery Report) for central office main batteries. Read 
all cells on the same day of each week, and record 
the readings. Read and record daily the specific 
gravity of the pilot cell of all the batteries. Use the 


remarks column to record when water is added, and | 


any unusual condition found in connection with bat- 
tery maintenance. 

g. CONNECTOR TERMINAL REcorD. Use DA AGO 
Form 11-208 (Connector Terminal Record) as a 
basic record of assigned telephone numbers and an 
index of the crossconnection to linefinder groups. 
Number assignments in the connector groups are 
made on the basis of class of service and traffic 
distribution. Refer to TM 11-2102 and TM 11-2109 
for number assignment procedure. The standard 
crossconnecting straps between connector terminals 
and line finder terminals will not require changes in 
most cases, but distribution of party-line service, 
traffic loads, and restricted-service lines, or changes 
in number assignments and locations, will require 
replacing the straps with jumper wires. Enter the 
linefinder groups and linefinder terminal numbers 
assigned for all connector terminal numbers. Enter 
the class of service (c above) and indicate whether 
first party on the line or second party. The connector 
terminal record applies to 100-line regular or trunk- 
hunting connectors, and to the first 100-group of 
200-line connectors. Use a second sheet for the other 
100-group of 200-line connectors, adding the required 
digit to the terminal number. 

h. LINEFINDER TERMINAL Recorp. After line 
assignments and cross-connections between line- 
finder and connector banks have been completed, use 
DA AGO Forms 11-209 and 11-209-1 (Linefinder 


Terminal Records) to enter the telephone number 


of each party and class of service that has been 
assigned to each linefinder terminal. This gives an 
essential reference for maintenance and _ trouble- 
shooting operations and for traffic distribution and 
number changes. Each time a number assignment or 
class of service is changed, enter changes in the line- 
finder and connector terminal records. 

1. TELEPHONE TROUBLE REporT. DA AGO Form 
No. 11-23 (Telephone Trouble Report) is provided 
for entering service complaints of trouble or service 
interruptions reported by substation users or found 
by maintenance personnel in testing outside lines. 
This form is used as a basis for dispatching trouble 
crews. Enter complaints as follows: — 

(1) At top of form enter telephone number, 
location, trouble reported by, and date and 
hour reported. 

(2) Make entries in the center of form to indi- 
cate types of trouble which must be checked. ° 

(3) Enter at bottom of form the trouble found, 
date and hour found, date and hour cleared, 
and by whom the trouble is cleared. 

(4) After the trouble crews have cleared the 
fault, enter the information on.the Line 
Record Card (WD AGO Form 11-145), 
and then file the Telephone Trouble Report 
(DA AGO Form 11-23) in the numerical 
order of the telephone numbers. 

j. Datty TroustE Recorp. A daily record of 
faults reported and being cleared will assist in super- 
vision of trouble-shooting and fault-clearing opera- 
tions. Use DA AGO Form 11-206 (Daily Trouble 
Record). The form is self-explanatory. Use one 
form at the wire chief’s test desk to record each 
complaint as received. When trouble is cleared, enter 
nature of trouble on the record. This will provide 
a ready reference of troubles reported, assigned for 
clearing, and remaining to be cleared. Use another 
form in the switchroom to record faulty equipment 
found in routine tests or in trouble shooting. This 
will provide a record of work to be done in clearing 
faults or scheduling repairs to the central office 
equipment. 

k. RouTINE Procress Recorp. Use DA AGO 
Form 11-207 (Routine Progress Record) during 
routine tests. Enter the switches tested and those 
remaining to be tested, and the number of faults 
detected. The record will show whether the interval 
between routine tests should be changed. When very 
few faults are found, the interval can be increased. 
If undue numbers of faults are found, it is apparent 
that the interval between tests should be decreased 
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and routine inspections and adjustments of the 
switching equipment should be rescheduled. In cen- 
tral offices having a large number of switches, the 


Section Ii. THEORY 


39. Major Equipment and Method of Opera- 
tion 


a. Refer to TM 11-2100 for the theory of opera- 
tion of equipment used in typical step-by-step dial 
central offices. Refer to the appropriate technical 
manual, listed in appendix I, for detailed information 
on specific step-by-step dial central office equipment 
components. The following is a brief description of 
typical equipment and method of operation. 


b. Step-by-step dial central office equipment is 
. usually designed for 46/52-volt common-battery 
operation, using two-wire outside lines of 1,000 ohms 
maximum loop resistance. The switching equipment 
of a typical 2,000-line central office comprises line 
relays, linefinders, first and second selectors, special 
second selectors, 200-line regular connectors, 100- 
line trunk-hunting (PXB) connectors, miscellaneous 
switches. This equipment also comprises supervisory, 
power, and test equipment as indicated in the equip- 
ment specifications. 


c. When the calling party removes the handset 
from the cradle, the circuit of the line relay asso- 
ciated with the calling line is completed. The line 
relay operates, causing a linefinder in the particular 
line group to search automatically for the line. When 
the linefinder has seized the calling line, the con- 
nection is completed through to the associated first 
selector. The first selector returns dial tone to the 
calling party. This occurs so rapidly that the dial 
tone is received almost as quickly as the handset can 
be raised to ear level. However, if traffic is so heavy 
that all linefinders are busy, no dial tone is heard 
and the call must be placed at a later time. 

d. As each digit is dialed, a series of pulses (cur- 
rent interruptions) 1s transmitted over the line to the 
central office switching equipment. The number of 
pulses in each series corresponds to the digit dialed. 
Pulses from the first digit step the wipers of the 
first selector vertically up to the corresponding bank 
level. The rotary motion of the first selector is auto- 
matic. Its wipers search over the contacts on the 
dialed level for a free trunk to the next switch. Ii 
the selector reaches a free trunk, the calling line is 
extended through to the next switch. This is either 
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routine progress record permits dividing the time 
on tests, and shows the number of switches com- 
pleted and those remaining to test. 


OF OPERATION 


another selector or a connector, depending on the 
trunking arrangement of the central office and the 
type of call being made. When the next switch is 
a second selector, the second digit dialed selects the 
vertical bank level, and the atomatic rotary circuit 
searches for a free trunk to a connector. If no free 
trunk is found by the first or second selector, the 
selector in question returns busy tone. In periods of 
heavy traffic, busy tone may be received before all 
digits are dialed, and completion of the call prevented. 
If equipment faults tie up switches or trunks, this 
difficulty will be increased. 

e. Two digits are dialed to complete the vertical 
and rotary stepping in 100-point connectors. Three 
digits are required for 200-point connectors, the first 
of which chooses between upper and lower banks. 
The connector tests the called line, sends back busy 
tone if the desired line is in use, or rings the line if 
it is not in use, at the same time sending ring-back 
tone to the calling line. Ringing cut-off is automatic 
when the called party answers. The connector extends 
negative (talking) battery to both calling and called 
parties. Release of the connector takes place only 
when the last party hangs up. PBX (or trunk- 
hunting) connectors can be arranged to search over 
groups of lines and ring the first one found not busy. 
In this case, busy tone is sent back after the last 
line of the group has been tested and found busy. 

f. Trouble-shooting procedures vary with the type 
of equipment and the trunking arrangement used in 
a central office. Study the central office schematic 
diagrams, circuit explanation shects, and the equip- 
ment specifications before attempting trouble shoot- 


ing. 


40. Trunking Arrangements 


a. A schematic cabling diagram (SD) is included 
in the manufacturer’s drawings issued for each step- 
by-step dial central office. The diagram is a sche- 
matic representation of the cabling between groups 
of switching equipment in the central office, and 
provides a general picture of the trunking arrange- 
ments. Figure 100 represents a typical 1,000-line 
step-by-step dial central office, based on an actual 


schematic cabling diagram, and using the manufac- 
turer’s nomenclature and abbreviations. Figure 101 
similarly represents a typical 3,400-line step-by-step 
dial central office. Both of these are examples of 
recent installations. The switch groups are shown 
as blocks, with titles indicating the type of equip- 
ment. For example, REG CONN (200-L) refers 
to 200-point regular connector groups. The other 
symbols in the blocks are the drawing numbers of 
the manufacturer’s schematic circuit diagrams for the 
individual switches. Cabling between the switch 
groups is indicated by lines between the blocks. The 
circled numbers inserted in these lines are the cable 
run numbers. A cable run may consist of any 
required number of cables leading between the 
designated groups. Details of the cable runs are 
given in the cabling specifications, and the cable plan 
and cable layout drawings issued by the manufacturer 
for each step-by-step dial central office. 

b. In figure 100 notice that no second selectors 
are used (except for the special second selectors 
giving access to certain services), and the first se- 
lectors are trunked directly to the 200-point regular 
connectors. The 100-point PBX connectors trunk 
from the first level of the first selector to the tenth 
(0) level of the special second selector. With this 
system, all telephone numbers have four digits. 
Notice also that no interoffice trunking is shown in 
figure 100, although central offices usually will have 
trunk lines, with pulse repeaters, to one or more 
other central offices or city exchanges, similar to 
the facilities shown in figure 101 for the 3,400-line 
step-by-step dial central office. 

c. The 3,400-line step-by-step dial central office 
shown in figure 101 requires two regular (or Jocal) 
second selector groups, since not enough trunks are 
available in the first selectors to route calls to all 
the connector groups. Notice that first selector levels 
4, 5, and 6 (fig. 101) are trunked directly to con- 
nectors, while levels 2 and 3 trunk through second 
selectors. Trunking of PXB lines in the 3,400-line 
step-by-step dial central office is the same as de- 
scribed above for the 1,000-line step-by-step dial cen- 


tral office. The special service trunks to the special 
second selectors also are the same. 

d. The above examples of trunking arrangements 
indicate that trunks leading from similar units in each 
type of step-by-step dial central office do not always 
terminate in the same circuits. Before testing any 
units or attempting trouble-shooting operations, 
study the schematic cabling diagrams, the manufac- 
turer’s equipment specifications, the schematic circuit 
diagrams of the equipment, and the shelf wiring 
diagrams so that the trunking arrangements and the 
circuits terminating the trunks are completely under- 
stood. : 


41. Numbering Plans of Typical Step-by-step 
Dial Central Offices 


a. NUMBERING PLAN For 1,000-LINE OFFICE. 
(1) Individual line or fist party on two-party 


lines. 

2100-2198 4200-4298 
2200-2298 5100-5198 
3100-3198 5200-5298 
3200-3298 6100-6198 
4100-4198 

(2) Second party on two-party lines. 
6200-6298 7200-7298 
7100-7198 

(3) Private branch exchange lines (PBX). 
1001-1089 
1091-1098 


(4) Test numbers. The regular 200-point con- 
nectors have a test number assigned in each 
100-group, No. 199 for the first 100-group 
and No. 299 for the second 100-group. 
Corresponding numbers are assigned on the 
linefinder banks, No. 29 and No. 199. The 
line equipment associated with these line- 
finder test numbers is not available for 
assignment to regular station numbers. On 
PBX 100-point connectors, the test num- 
bers are No. 99 and No. 90. No. 99 is 
made busy, to provide a test of the auto- 
matic rotary stepping. 


(5) First selector level assignments in a typical 1,000-line system. 


Level 0: ‘Operator. cvceiedusiateusn sass Level 5 200-point connectors. 
Level 9 Interoffice trunks (when re- 

quired). Level 4 200-point-connectors. 
Level 8 Interoffice trunks (when re- 

quired). Level 3 200-point connectors. 
Level 7 200-line connectors ........... Level 2 200-point connectors. 
Level 6 200-line connectors ........... Level 1 Special second selector. 
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(6) Special second selector level assignments. 


LeGVel 7 2. cartons Cae dds nas ede cen 
Teves 6, 04302, W asia cet cavex 


b. NUMBERING PLAN FOR LARGER SYSTEMS. In 
step-by-step systems larger than 1,000 lines, addi- 
tional selectors are required to route calls to the 
2,000-group and 3,000-group of connectors. This 
results in mixed 4- and 5-digit numbering for the 
telephone lines. Some of the first selector levels are 
assigned to the second selector trunks. Levels of the 
second selectors are assigned to connector trunks or 
left vacant, as required. Test numbers remain as 
before. 

c. SECOND Party ON Two-Party Service. Ad- 
ditional connectors are supplied in some central 
offices to provide service for the second party on 
two-party lines. These connectors do not differ from 
the other regular connectors. The numbers for the 
second party in typical step-by-step dial central offices 
are assigned in separate 100-groups. The terminals 
of these connectors are then cross-connected to any 
desired first-party terminals. Notice that the con- 
nectors supplied for second-party service could be 


used for first-party or individual line service. The 


cross-connection of terminals is made by cutting the 
strap between the first-party connector and linefinder 
terminals on the horizontal side of the CDF and 
running jumpers to the required terminals. The 
cross-connection for the second party on the line is 
made with reversed polarity, so that the connector 
will ring from plus line to ground instead of from 


PBX connectors (100-point). 
Reverting-call switch (test ringback). 
Wire chief’s test desk. 

Fire repeaters. 

Vacant. 


minus line to ground (divided ringing), and this 
requires no circuit change in the connector. 

d. RESTRICTED SERVICE. Restricting access to 
certain interofice or city trunks groups is accom- 
plished by operation of spring-leaf contacts (termed 
normal post springs) on the linefinder and first selec- 
tor (fig. 21). The contacts are actuated by a sliding 
toothed striker (commonly termed normal post cam) 
coupled to the switch shaft. The restriction works 
only when the contacts of both linefinder and first 
selector are operated, as the contacts are connected 
in series. To operate the normal post contact springs 
(fig. 21) at any desired vertical level bend the cor- 
responding normal cam post tooth (fig. 21) 90°. On 
the first selectors, bend the normal post cam teeth 
at the levels serving the trunks to which access is 
to be restricted; on the linefinders, bend the normal 
post cam teeth at the levels serving the lines that 
are to have restricted service. This restricts service 
to all the lines on the linefinder level, and therefore 
unrestricted and restricted lines must be assigned to 
different levels. The normal post cam teeth must be 
adjusted on all switches on a shelf. On linefinder 
shelves the line bank appearances are reversed be- 
tween groups A and B. For instance, a line appearing 
on level 2 of group A also appears on level 9 of group 
B, and to restrict the line requires adjusting the 
tooth for level 2 on all switches in group A and for 
level 9 on all switches in group B. 


Section Ill. TROUBLE-SHOOTING PROCEDURES 


42. Classification of Faults 


Trouble shooting is a process of localizing troubles 
or service faults that have occurred in the step-by- 
Step dial central office equipment. Supervisory signals 
in the step-by-step dial central office give warning of 
many of the troubles occurring in the system. Other 
troubles are brought to the attention of step-by-step 
dial central office maintenance personnel by reports 
from substation users or switchboard operators. 
When clearing cases of trouble, first determine 
Whether the trouble is in the dial central office equip- 
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ment or in the outside plant. This manual discusses 
outside plant troubles only to the extent that they 
affect the central office switching equipment. 


a. OutsipE PLANT. Faults or troubles in the 


outside plant usually must be cleared on the spot by 


a repairman. In this case, remove the heat coils 
from the line at the CDF (MDF) to clear any 
affected switchroom equipment. Refer to TM 
11-468, Substation Maintenance; TM 11-757, Prin- 
ciples of Line Fault Location; and TM 11-2110 for 
the procedure in checking and clearing outside plant 


troubles. 


The most common types of outside plant 


troubles are as follows: 


(1) 


(2) 


(3) 


(4) 


Opens in cable pairs, drop wires, telephone 
line protectors or wiring, and telephone 
sets. These result in trouble reports, but 
usually do not affect step-by-step dial cen- 
tral office equipment. 

Short circuits in cable pairs, drop wires, 
telephone line protectors or wiring, and 
telephone sets. These cause switching equip- 
ment to hold operated and result in perma- 
nent supervisory signals on the affected 


‘equipment. | 


Grounds in cables, drop wires, telephone 
line protectors or wiring, and telephone 
sets. Ground on the negative (—) side 
(ring) causes a permanent signal in the 
central office, and sometimes may cause the 
linefinders to cascade or continuously search 
for calling lines (only when the individual 
line relay is more sensitive than the line 
relay of the first selector). On some in- 
stallations the linefinder circuit pre-ener- 
gizes the line to eliminate this possibility. 
Ground on the plus (+) side (tip) pre- 
vents the bell from ringing for the second 
party on two-party divided ringing service. 
Crosses (short circuits to other lines) in 
defective cables or drop wires. If the cross 
is from tip (or plus (+) side) to ring (or 
negative (—) side), either a permanent 
signal or linefinder cascading results. Tip- 
to-tip or ring-to-ring crosses result in 


48V SWBO LAMP 





(5) 


trouble reports of cannot dial, ringing 
wrong line, bells not ringing, or crosstalk, 
but usually do not affect switching equip- 
ment. 

Improper use of the telephone set (for 
example, leaving the handset off the cradle, 
or dialing incorrectly). This holds the 
switching equipment operated and causes 
the permanené supervisory signal to operate. 


b. STEP-BY-STEP DIAL CENTRAL OFFICE EQUIP- 
MENT. Faults occurring in step-by-step dial central 
office equipment, if not found and corrected, may 
cause service interruptions and result in trouble 


reports. 


The following common faults may cause 


trouble reports or operate the supervisory and alarm 


signals: 


(1) 


(2) 


Grounds due to operated heat coils on the 
CDF (MDF) protectors, or defective wir- 
ing. 

Linefinder, selector, or connector perma- 


nents or off-normals. , 


(3) 
(4) 


(3) 


(6) 
(7) 


TEST PROO 


Figure 15. Test lamp. 


Linefinder, selector, or connector failing to 
release. 
Linefinder, selector, or connector mecha- 
nism or relays out of adjustment or failing 
to operate. 
Open circuits in relay coils, contacts, re- 
sistors, heat coils, switches, or wiring. 
Short circuits in wiring or equipment. 
Crosses in jumper wires, terminal board 
connections, equipment wiring, or switch 
bank wiring. 

CLIP FOR TEST 


OR POWER 
CONNECTION 





TM2103-29 


35 


43. Trouble Shooting 


a. PROCEDURE. 
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(1) 


(2) 


(3) 


(4) 


Faults in the switchroom equipment are 
partially localized by the equipment super- 
visory signals. The test telephone handset 
(Auto Elec L-965—-AO) (fig. 11) can be 
used for monitoring circuits and further 
localizing some faults. A test receiver such 
as Test Set TS—190/U or a test lamp (Auto 
Elec H-16339-1) (fig. 15) may be used 
for continuity testing. 

Test outside lines from the test desk 
through the test switch train or through the 
test trunk to CDF (MDF). Test inside 
equipment from the test desk through the 
test distributor trunks or through the test 
trunk to CDF. Refer to TM 11-2110 for 
detailed information on testing procedures 
from the test desk. 

Test connectors with the connector routine 
test set (Auto Elec H-45987-1). Follow 
the procedure outlined for routine tests in 
paragraph 32. Test linefinders and selec- 
tors with the test telephone handset. When 
trouble is suspected in a switch shelf, test 
all switches on the shelf. Remove faulty 
units for repair and adjustment. Return 
equipment to service as soon as possible. 
Tests on line relays or relays in the 
switching equipment may be made with the 
current-flow test set (pars. 60 and 61). 


™ LINE 


LINE 


rl 


(5) 


Point-to-point testing in a relay circuit may 
be made with a test receiver (fig. 16) or 
test lamp (fig. 17). The test lamp in the 
circuit illustrated (fig. 17) will light dimly 
because it in series with a total relay 
winding resistance of 3,000 ohms. This test 
lamp provides a convenient means of check- 
ing the continuity of circuit wiring, relay 
windings, or contacts. When testing a cir- 
cuit that does not connect to battery or 
ground, connect the central office battery 
in series with the receiver or lamp. When 
the circuit is connected to battery but not 
to ground, connect one terminal of the test 
unit to ground and check through the cir- 
cuit with the other. When the circuit is 
connected to ground but not to battery, 
connect one terminal of the test unit to 
negative (—) main battery. 

In locating faults remember three important 
points: first, analyze the trouble; second, 
refer to the step-by-step dial central office 
schematic diagram, the method of operation, 
and the circuit diagram of the affected 
units; third, clear the fault, after it has 
been localized, by point-by-point elimina- 
tion. Starting at a point where the circuit 
is functioning properly, test the circuit a 
step at a time toward the fault until the 
fault 1s located. 


(6) Observe certain precautions. When a fault 
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Figure 16. Checking continuity of relay winding with test recetver. 


— LINE 


TEST LAMP 
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Figure 17. Checking continuity of relay winding with test lamp. 


due to equipment failure is cleared, do not 
assume that the same fault is the cause the 
next time the circuit is in trouble. Locate 
the trouble by complete routine testing and 
then clear it. Do not interrupt busy circuits 
for testing unless absolutely necessary to do 
so. Always monitor the circuit to determine 
if it is in use. Do not test until you have 
asked if anyone is waiting on the line, and 
advise the using parties of your purpose. If 
a line is not in use and 1s to be opened for 
test purposes, notify the telephone user if 
possible. Do not keep lines and switching 
equipment out of service any longer than re- 
quired to complete the testing. 


b. POWER FAILURES. 
(1) Audible alarms call attention to step-by-step 


dial central office power and equipment 
failures. Supervisory lamp signals assist in 
locating the point of failure. After observ- 
ing the alarm and locating the responsible 
circuit, check the circuit for trouble before 
replacing a fuse or fuses. Note that circuits 
fused for high current capacity normally 
have an associated indicator-alarm type 
fuse. Remember that the mechanical failure 
of an alarm fuse can set off the alarm cir- 
cuit without an actual power failure. 


(2) 


(3) 


(1) 


The power board alarm panel has an alarm 
bell and a buzzer, operated by dry-cell bat- 
teries. The bell rings when failure occurs. 
in a fused circuit on the power board, in 
the attendant’s switchboard, or in the test 
desk. Signal lamps associated with the 
various circuits indicate which circuit 
caused the alarm. The buzzer sounds an 
alarm in the event of faulty operation of 
switching equipment. This includes power 
failure, and failure of the switching equip- 
ment to start or complete its operating 
cycle. Signal lamps on the shelves further 
localize the point of failure. 

Figure 99 shows the location of power 
board visual signals, R indicating red and 
W indicating white lenses on supervisory 
and alarm lamps. 


c. LINEFINDER PERMANENTS AND OFF-NORMALS.. 


Linefinder permanents occur when the line 
relay is energized and the linefinder is con- 
nected to a line but no call is being made. 
These are generally caused by the handset 
being off the cradle at the telephone set 
or by short circuits, grounds, or leakage 
on the affected line. Linefinder permanents 
are indicated when the supervisory signal 
lamp on the first selector shelf glows stead- 
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(2) 


(3) 


(4) 


ily. Identify the particular linefinder caus- 
ing the permanent signal by the number 
entered on the first selector number card. 
This number shows the linefinder group 
and number of the linefinder paired with 
the first selector. 

Identify the line causing the permanent 
signal by observing the vertical and rotary 
position of the linefinder bank wipers. For 
the 200-point type of linefinder, short-cir- 
cuit the lower two test jack terminals. The 
white LB (lower bank) lamp on the line- 
finder fuse panel (fig. 18) glows if the 
connected line is in the lower bank or first 
100-group and does not glow if the con- 
nected line is in the upper bank or second 
100-group. Refer to DA AGO Forms 
11-209 and 11—209-1 to ascertain the num- 
ber of the connected line. 

Clear linefinder permanents by first iden- 
tifying the calling line and then by using 
the test telephone handset to monitor and 
to challenge the connection. If no answer 
is received, test the line from the test desk 
and release the linefinder. J.isten to deter- 
mine if a handset is off the cradle. If this 
is the trouble, connect the howler to the 
line, using the test switch train and dialing 
the number from the test desk. If the called 
party does not answer, or tests indicate a 
ground or short circuit, open the line at 
the CDF and report the line in trouble. 
Linefinder off-normals are similar to per- 
ianents, except that the linefinder is not 
connected through to the line on whose 
bank-contact terminals the wipers are rest- 
ing. The off-normal condition is indicated 
by the alarm buzzer on the power board. 
Linefinder off-normals are usually due to 
mechanical failure. If the linefinder fails to 
start, or becomes blocked before reaching 
the calling line and remains off-normal, the 
ST SIG (start signal) supervisory lamp 
(fig. 18) on the linefinder fuse panel glows 
steadily, and the delayed alarm circuit 
closes. The alarm buzzer on the power 
board alarm sounds after the delay cycle is 
completed. If an operated linefinder re- 
mains off-normal after the release circuit is 
energized, the RLS (release) supervisory 
lamp on the linefinder fuse panel glows and 
the delayed alarm sounds. In either case, 
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Figure 18. Typical linefinder fuse and supervisory 


lamp panel. 


the blocked or off-normal linefinder must 
be cleared immediately. The alarm buzzer 
may be shut off at the power board, if de- 
sired. The linefinder supervisory lamps in- 
dicate which shelf is in trouble. Linefinders 
that are off-normal or blocked are distin- 
guished from those that are busy by remov- 
ing the covers of all operated linefinders 
and checking the switching-through relays 
(relay A or D in typical units) by lightly 
pressing the armature. The relay armature 
should be in the unoperated (normal) posi- 
tion on blocked or off-normal linefinders, 
and in the operated position on busy line- 
finders. On linefinders that have failed to 
release, the release magnet will still be ener- 
gized. Monitor the circuit with the test 
telephone handset. Release the faulty line- 
finder by hand and operate its busy key to 


prevent seizure of the switch on another 
call. Inspect the switch and correct the 
fault, removing it for repair if necessary. 
(5) Cascading, or continuous searching of the 
linefinders in sequence, may be due to a 
_ ground on the negative (—) side (ring) of 
a line, ground on a linefinder start lead, a 
defective relay in the group relay equip- 
ment, or grounds in the linefinder vertical 
banks. First determine over which bank 
level the linefinder is searching. If it is the 
fifth level, the trouble may be due to a 
ground on the start lead or in the group 
relays. Check for loose or short-circuited 
wiring, particles of solder, or bent or short- 
circuited terminals. Check for trouble in 
the group relays by operating the busying 
switch. If the cascading stops, the group 
relays are at fault. If, however, the cascad- 
ing now occurs in the other group of line- 
finders, the group relays are not at fault. 
Check for ground on a line by removing 
the covers of the affected line relays associ- 
ated with the searched level, and testing the 
relay armatures. The armature associated 
with the line in trouble will operate on the 
first step of the wipers, but will fail to 
operate on the second step. 

d. SELECTOR PERMANENTS. A selector permanent 
is indicated by the lighting of the white SUPY 
(supervisory ) lamp on the selector supervisory panel 
(fig. 19). A selector permanent signal usually means 
a permanent condition in the associated linefinder. A 
selector permanent signal may be received when the 
selector line relay is operated but the switch shaft is 
in either the normal or unoperated position, or in 
the eleventh rotary position on any vertical bank 
level. This signal may result from failure to dial after 
removing the receiver, failure to replace the handset 
on the cradle after receiving busy tone, a short-cir- 
cuited or grounded line extended through to the se- 
lector, or failure of the selector itself. Lighting of 
the green RLS lamp on the panel indicates failure 
of the switch to restore to its normal position after 
the dialing party has replaced the handset. 

(1) When the SUPY lamp signal is noted, use 
the test telephone handset (figs. 11 and 12) 
and challenge on the line. If no answer is 
received, check the switch for relay failure. 
When selector permanent signals are due 
to linefinder permanents, clear the linefinder 
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Figure 19. Typical selector shelf supervisory lainp panel. 


permanents to free the selector permanent 
signals. : 

(2) When the release alarm sounds and selector 
release failure is indicated by the green RLS 
lamp, first determine which selector is in 
trouble and restore the switch shaft man- 
ually. Inspect the switch for worn wiper 
tips, dirty bank contacts, binding switch 
shaft, and insufficient tension on the switch 
shaft spring. If repair of the selector is 
necessary, operate the busy key of the as- 
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sociated linefinder and remove and repair 
the selector without delay. 


e. CONNECTOR PERMANENTS AND OFF-NOoRMALS. 
A connector permanent results when a connector 
switch remains in an operated position and the white 
PERM lamp on the shelf supervisory panel glows 
steadily. A connector off-normal results when a con- 
nector switch fails to release and remains in an oper- 
ated position, indicated by the green RLS lamp glow- 
ing steadily and the alarm buzzer on the power board 
operating. 

(1) A permanent is caused by one party failing 
to replace the telephone handset after the 
conversation has ended, or by the appear- 
ance of a short circuit on the line after the 
connector has seized the line. An off-nor- 
mal is caused by the failure of the switch 
to restore to its normal position after the 

_ release magnet circuit has been completed. 

(2) Determine which connector is affected by 
monitoring each one which has its wipers 
off-normal. Remove the cover of the one 
in trouble, and observe the relay armatures 
to determine whether the calling or the 
called telephone is holding the connector 
operated. In typical connectors, relays A 
and B are held operated by the calling tele- 
phone, and relay D is held operated by the 
called party. 

(3) After locating the switch causing the per- 
manent signal, challenge on the line with 
the test telephone handset (figs. 11 and 12). 
If no answer is received, test the line from 
the test desk through the test switch train. 
Restore the switch manually by operating 
the release magnet armature. Connect the 
howler circuit to the line to attract attention 
at the telephone set. If this fails, open the 
line by removing the heat coils at the CDF. 
Fill out DA AGO Form 11-23 (Telephone 
Trouble Report). 

(4) After locating the switch causing the off- 
normal alarm, restore the switch shaft man- 
ually to its normal position. Operate the 
busying switch to free the defective switch 
from further operation. Inspect the switch 
for the cause of its failure to restore. Re- 
pair and check the operation of the switch 
before returning it to service. 

(5) Operation of the red FA lamp on the con- 
nector supervisory panel (fig. 20) and the 
sounding of the alarm buzzer indicates the 
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Figure 20. Typical connector shelf supervisory lamp panel. 


opening of a fuse on the connector shelf. 
Remove the opened fuse. Check the circuit 
for a short-circuit overload or ground. 
Clear any trouble found and replace the 
fuse. 


& 


44. Trouble Reports 


Trouble reports received from users or from 
switchboard operators usually are due to outside 
plant equipment faults. However, some of the com- 
mon troubles listed in trouble reports can be due to 
faults in the step-by-step dial central office equip- 
ment. The following are a few of the common serv- 
ice complaints and some of the probable causes. 

a. CaNNoT MAKE OutTcoING Catts. Inspect the 
heat coils and protector blocks at the CDF. Test 
the line from the test desk, using the test trunk to 
CDF. If the test proves the outside plant equipment 
not at fault, ring the telephone user and obtain details 
of the reported fault. 

(1) If the fault seems to be in the step-by-step 
dial central office equipment, test the line 
relay. If the relay fails to operate, inspect 
its contacts for dirt or corrosion and im- 
proper spring tension. Clean and adjust as 
required. Test the relay coil for an open 
circuit (figs. 16 and 17). 

(2) Test the start circuit to the linefinders and 


the group relays. Test the resistors in the 
start and level-marking circuit. Test the 
operation of the group relays associated 
with the linefinder. group. Refer to the 
manufacturer’s circuit diagram and circuit 
explanation sheets for the function and loca- 
tion of the relays. 

b. CALLING Party Doks NoT RECEIVE DiAL TONE. 
When this complaint is not due to line relay or line- 
finder faults, test each first selector in the shelf serv- 
ing the group of lines having trouble reported. Con- 
nect the test telephone handset to the test jack ot 
each first selector switch in succession, and listen for 
dial tone on each selector. When a selector is located 
that is not providing dial tone, operate the busying 
switch on its associated linefinder to prevent its being 
seized by calling lines before the condition is cor- 
rected. 

(1) Inspect the make-before-break contacts on 
the selector cam (eleventh rotary step) 
switch assembly. Clean the contacts and 
adjust the contact springs as required. 
Inspect all other first selector relay contacts 
used to complete the dial tone circuit to the 
calling line. Refer to the manufacturer’s 
circuit diagram for their designations and 
location. Clear’ and adjust as required. 

If no dial tone is heard on any selector on 
the shelf, check the supervisory relay on 
the shelf supervisory panel. The relay 
should be in the operated position and the 
white SUPY lamp should glow steadily. If 
the relay is not operated, test and adjust 
the relay. Test the dial tone induction coil 
(on the supervisory panel) for an open 
circuit. 

A calling party does not recetve dial tone 
or cannot make outgotng calls complaint 
may be caused by unusually heavy traffic 
and by all linefinders and first selectors in 
the group serving the reported line being 
busy. In this case, instruct the calling party 
to replace the handset on the cradle and 
wait a short interval before attempting to 
place the call. To insure uninterrupted 
service, avoid having linefinders or selectors 
out of service for repair any longer than 
necessary. 

ce. CALLING Party DoEs Not 
TONE. 

(1) A number of complaints from this cause 

indicates the need for routine tests on the 


(2) 


(3) 


(4) 


RECEIVE Busy 


connector shelf. Use the connector routine 
test set (fig. 13). When connectors are 
found that do not return busy tone, con- 
nect a test telephone handset to the test 
jack of the connector. Operate the relay 
that completes the busy tone circuit. If 
busy tone 1s not heard in the handset, in- 
spect the relays completing the circuit for 
dirty contacts and improper spring tension. 
Clean the relay contacts and adjust the con- 
tact springs as required. Test for an open 
capacitor in the busy tone circuit. Remove 
the connector for repair if required, and 
return it to service as soon as possible. 
Test the selector switches at the test jacks 
for busy tone by closing the make-before- 
break eleventh rotary position switch con- 
tacts (sometimes called cam springs). If 
busy tone is not heard in the handset, in- 
spect the relays completing the circuit for 
dirty relay contacts and lack of spring ten- 
sion. Clean and adjust as required. Test 
the overflow busy circuit connected to the 
associated signal group. 

d. CALLING Party Does Not RECEIVE RING- 
Back Tone. Use the connector routine test set (fig. 
13) to test each connector in the group serving the 
lines in which the fault was reported, and to locate 
a connector that is not providing ring-back tone. 

(1) Test the ring-back tone capacitor on the 
connector for an open circuit. 

(2) Inspect the wiper-closing relay (relay M in 
typical connector circuits) for dirty con- 
tacts or insufficient spring tension. Clean 
and adjust as required. 


(2) 


(3) Inspect all other connector relays involved 
in the ring-back tone circuit. Refer to the 
manufacturer’s circuit diagram for their 
designation and location. Clean and adjust 
relay contacts as required. | 

e. CALLING Party CANNOT HEAR CALLED 
ParTY. | 


(1) Test the-called line from the test desk. If 
a satisfactory talking test proves the outside 
plant equipment is not at fault, make routine 

tests of the connectors in the group serving 
the called line. 

Inspect the relays in each connector trans- 


(2) 


mission circuit for dirty contacts and im-— 


proper spring tension. Clean and adjust 
relay contacts as required. 
battery-reversing relay (relay D in typical 


Inspect the 
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connector circuits). Test to make sure that 
battery is supplied to the called line and the 
calling line. 

(3) Test the operation of the line relay associ- 
ated with the called telephone line. Be sure 
that the relay operates completely in its 
second step and frees the line from any 
attachments. 

(4) Inspect the distributing frame wires in the 
called telephone circuit for loose or poorly 
soldered connections. 

f. CALLED Party CANNoT HEarR CALLING Parry. 

(1) Test the calling line from the test desk. If 
a satisfactory talking test proves the outside 
plant equipment is not at fault, make routine 
tests of the connectors in the group serving 
the called line. 

(2) Test the battery-reversing relay, making 
sure that battery is transmitted to the 
calling line. Inspect the relays that com- 
plete the transmission circuit for dirty or 
corroded contacts and improper spring ten- 
sion. Clean and adjust as required. 

(3) Test the operation of the line relay associ- 
ated with the calling line. Inspect the con- 
tacts for dirt, corrosion, or improper adjust- 
ment. Be sure that the relay operates 
completely in its second step and frees the 
line from any attachments. 

(4) Inspect the distributing frame wires in the 
calling line circuit for loose or poorly sol- 
dered connections. . 

g. CALLING Party RecEIves Busy Tone BEFORE 
CoMPLETION OF DiaALinc. This complaint should be 
infrequent, and is usually due to a heavy calling rate, 
causing all trunks to be busy in certain switch groups. 
Busy tone then might be received before dialing the 
second or third digit. Check the reported switch 
groups to make sure that no fault or trouble is tying 
up some of the switches. Advise the telephone user 
of the reason for the condition. Suggest a short wait- 
ing period, when this condition occurs, before at- 
tempting to place the call again. Keep all units at 
best operating efficiency so that service interruptions 
are not caused by the step-by-step dial central office 
equipment. If this condition occurs frequently, some 
lines might have to be cross-connected to different 
linefinder groups to obtain better distribution of 
traffic. 

h. CALLING Party REcEIVES CONTINUAL Busy 
Tone. This complaint may result from a short-cir- 
cuited line or from a handset left off the cradle. 
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1. Noisy, INTERMITTENT, OR Poor TRANSMISSION. 
A talking circuit normally is completed through sev- 
eral pairs of switch bank contacts and wipers, and 
many pairs of relay contacts. When the above com- 
plaint 1s caused by the step-by-step dial central office 
equipment, it may be due to these connections. In- 
spect the following: 

(1) Worn wiper tips. As the tips wear, the 
wiper spring tension decreases unless the 
tension is adjusted. Replace the tips before 
a notch is worn in the tip or the tip edges 
become feathery. 

(2) Defective wiper cords. Test the cord for 
broken conductors by bridging a test re- 
ceiver across the ends while the cord is 
carrying current. Move the cord and twist 
it slightly while listening for noise. Replace 
the cord when noisy or if its condition is 
doubtful. 

(3) Dirty switch bank contacts. Clean with the 
bank cleaning tool and cotton sleeving to 
remove dirt or gummy deposits. 

(4) Dirty, corroded, or pitted relay contacts or 
improper contact spring adjustment. Check 
and clean as required. Verify the contact 
spring tension after cleaning. Adjust when 
necessary (pars. 59 and 60). | 

(5) Carbon protector blocks on the CDF 
(MDF). The discharge of a high potential 
from the line to ground may have caused 
a high-resistance ground. Replace the block 
if grounded. Clean all dirt and dust from 
the protectors. 

(6) Distributing frame wiring, shelf wiring, and 
bank cables. Look for loose or poorly- 
soldered connections. Resolder if .in doubt. 

(7) The 2-mf (microfarad) capacitors in the 
transmission circuit of the connector switch. 
Test for leakage or intermittent open cir- 
cuit, using the volt-ohm-milliammeter on 
the high-ohm scale. Replace with new 
capacitors if in doubt. 

(8) Insulation leakage or intermittent contact 
in cables, terminal boards, contact banks, 
coils, or resistors. Make an insulation re- 
sistance test in the noisy or intermittent 
circuit. Check any induction coils, repeat- 
ing coils, or resistors for partial short cir- 
cuits or intermittent open circuits. 

j. CALLED TELEPHONE Does Not ANSWER. Fail- 
ure of a called telephone to answer may be caused 
by an open ringer circuit in the telephone set, open- 


circuited or grounded lines, or defective connectors 
in the step-by-step dial central office. 

(1) Make routine tests of the connectors serving 
the reported line. 

(2) A short-circuited line or a ground on the 
negative (—) (ring) side of the line will 
be indicated by a permanent signal on a first 
selector supervisory panel. Remove the 
heat coils from the troubled line at the 
CDF after verifying the short-circuited or 
grounded condition. 

(3) An open telephone ringer or open-circuited 
line can be tested and verified from the 
central office test desk. 

(4) A handset left off the cradle will cause a 
linefinder permanent and operate the signal 
on the associated first selector supervisory 
panel. After verifying this condition from 
the central office test desk, connect the 
howler circuit to the line under test. If 
attention cannot be attracted at the tele- 
phone set, remove the heat coils from the 
line and report the line in trouble. Send 
a repairman to check the outside plant 
equipment. 

k, TELEPHONE SET BELL Does Not RING. 

(1) When this trouble is found not to be in the 
outside plant, connect the connector routine 
test set (fig. 13) to the test jacks of the 
connectors serving the group of lines in 
which the fault is located, and completely 
test each connector. A defective connector 
that fails to ring the called line may be 
frequently seized by calling lines, causing 
service interruption and trouble reports. 


(2) If ringing current is not being supplied to 
any of the connector switches on the shelf 
under test, check to see that the generator 
toggle switch (GEN) on the shelf super- 
visory panel is in the ON position. 

(3) When ringing current is being supplied to 
a connector which fails to apply it to the 
called line, check its ringing circuit and 
relays for operation. Inspect the relay make 
contacts for dirt and insufficient spring ten- 
sion. Clean and adjust as required. 

(4) Inspect other connector relays and relay 
contacts used to complete the ringing cir- 
cuit. Refer to the manufacturer’s circuit 
diagram for their designation and location. 
Clean and adjust relay contacts as required. 

(5) If the connector switch is functioning prop- 
erly and the trouble condition still exists, 
dial the called line from the test desk; ring 
the line for a recheck; and examine the 
connector cross-connections, shelf wiring, 
bank cables, and bank contacts. 


45. Trouble-Shooting Charts 


A trouble-shooting chart assists in understanding 
causes and effects of central office equipment troubles. 
The following charts list common troubles and symp- 
toms in typical step-by-step dial central office equip- 
ment. A trouble-shooting chart made for each central 
office, covering the specific equipment used in that 
office, is a valuable aid in training maintenance per- 
sonnel. Unusual troubles, their symptoms, and their 
correction can be added to the chart so that future 
troubles may be readily found by others. 


a. TROUBLES INDICATED BY SUPERVISORY SIGNALS. 


Symptoms 


Fuse alarm operates on power distribut- 


ing fuse panel. circuits. 


Defective alarm fuse. 


Motor-generator control panel fuse alarm 
operates. 


Defective alarm fuse or fuses. 
Open reverse-current relay fuse. 


Main battery fuse alarm operates. Open main fuse. 


Defective alarm fuse. 


Probable troubles 


Short circuit or overload in power 


Open charging fuse or fuses. 


Corrections 


Test circuit for trouble. Repair equip- 
ment and replace power fuse and 
alarm fuse. . 

If power fuse was not blown, replace 
alarm fuse. 

Clear trouble in circuit, if any. Replace 
fuse and associated alarm fuse. 

Replace alarm fuses. 

Test relay circuit and replace fuse. 

Clear trouble in circuit, if any. Replace 
main fuse and associated alarm fuse. 

Replace fuse. 
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Symptoms 





Voltage alarm operates because of low 
voltage. 


Voltage alarm operates because of high 
voltage. 


Ringing current supervisory alarm oper- 
ates steadily. 


Supervisory fuse alarm operates. 
Group fuse alarm operates. 
Release alarm operates. 

CDF lamps operate. 


Permanent signal (PERM) on connector 
shelf. 


ST SIG lamp glows on linefinder shelf 
and alarm buzzer operates. 


Supervisory signal lamp (SUPY) glows 
on selector shelf. 


Probable troubles 


Main battery discharge or failure. 


Motor-generator voltage too low. 

Motor-generator paralleling panel fails 
to start No. 2 machine. 

End-cell control switch fa‘ls to switch 
end-cells into main battery circuit. 

Open LV relay coil or resistor, or con- 
tact springs out of adjustment. 

End-cell control switch fails to switch 
end-cells out of main battery circuit. 

Generator voltage too high. 

Motor-generator control panel fails to 
cut No. 2 machine out of circuit when 
power load diminishes. 

No. 2 ringing machine fails to start 
automatically when No. 1 machine 
shuts down. 


Generator hold-up relay (GEN HU) 
fails to operate. 

Open fuse or fuses in ringing, tone, or 
sgnal circuits. 

Open fuse or fuses on shelf fuse panel. 


Linefinder, connector, or selector failed 
to restore to normal position when 
released. 

Operated heat coil or coils. 

Called party fails to disconnect. 


Calling party fails to disconnect. 

Short circuit or ground appears on line 
after connector has seized it. 

Linefinder fails to step from normal 
position and hunt for calling line. 


Defective relay A-3 in group relays. 
Calling party fails to dial or hang up 
after selector switch has been seized. 


Corrections 


Check battery cells. Adjust motor-gen- 


erator controls to charge battery. 
Adjust generator voltage controls. 
Check control circuits and motor gen- 
erator. 
Clean and repair end-cell control switch. 


Replace relay coil or relay. Adjust con- 
tact springs. 
Clean and repair end-cell control switch. 


Adjust generator control. 
Check control circuit and relays. 


Clean contacts on transfer relays. Test 
transfer relays. 


Test automatic starting switch. 
Clean ringing mach'ne commutator. 
Replace commutator brushes. 
Replace the relay coil or relay. 


Remove open fuse. Check circuit and 
clear trouble. Replace fuse. 

Remove open fuse. Check circuit and 
clear trouble. Replace fuse. 

Restore switch manually. Busy out the 
defective switch. Repair, test, and 
place in service. 

Test and clear line. Replace heat coils. 

Locate affected switch. Challenge on the 
line. Test line and use howler. Open 
the line by removing the heat coils. 
Fill out trouble report. 

Same as above. 

Test as above. Open line by removing 
heat coils. Fill out trouble report. 
Locate faulty switch. Operate busying 
switch to remove faulty switch from 
the circuit. Repair the switch, test, 

and replace in service. 

Clean and adjust contacts. 

Challenge seized line. Test I‘ne and use 
howler. Fill out trouble report. Dis- 
patch repairman to telephone set in 
question. 
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b. TROUBLES INDICATED BY SERVICE COMPLAINTS. 





Symptoms 





Noisy, intermittent, or poor transmission. 


Cannot make outgoing calls. 


Calling party does not receive dial tone. 


Calling party does not receive busy tone. 

Calling party receives busy tone before 
completion of dialing. 

Calling party does not receive ring-back 


tone. 


Bell does not ring. 


Called party does not answer. 
Calling party cannot hear called party. 


Called party cannot hear calling party. 


Probable troubles 


Wiper tips worn too thin. 

Insufficient tension on wiper tips. 

Broken conductors in wiper cords. 

Dirty switch bank contacts. 

Dirty relay contacts or insufficient con- 
tact spring tension. 

All trunks busy. 

Linefinder or connector permanents, or 
off-normals. 

Defective telephone line equipment. 

Defective line relay coil. 

L'ne relay contacts not making. 


Open resistor in linefinder start circuit. 

Fault in group relay circuit. 

Rotary cam springs on first selector not 
making contact. 

Selector relay contacts not completing 
dial tone circuit. 

All linefinders in group busy. 


‘Connector relay contacts not completing 


busy tone circuit. 
Open capacitor in busy tone circuit. 
All trunks busy. 


Connector relay contacts not completing 
ring-back tone circuit. 

Open capacitor in the ring-back tone 
circuit. 

Open-circuited or short-circuited line 
crossed with battery. 

Open-circuited ringer. 

Ring‘ng current not being supplied to 
the line, 


Same as above. 

Connector relay contacts not completing 
transmission circuit. 

Reverse-battery relay does not supply 
battery to called party. 

Open capac‘tor or capacitors in connec- 
tor transmission circuit. 

Relay contacts faulty in preceding 
switches. 

Relay contacts on connector preceding 
switches not completing transmission 
circuit. 

Reverse-battery relay does not supply 
battery to calling party. 

Open capacitor or capacitors in trans- 
mission circuit. 

Relay contacts 
switches. 


faulty in preceding 


Corrections 


Replace wipers. 

Adjust wiper spring tension. 

Replace cords. 

Clean switch bank contacts. 

Clean relay contacts. Adjust contact 
spring tension, if required. 

Instruct user to place call later. 

Clear troubles and _ restore blocked 
switches. 

Repair defective line equipment. 

Replace relay coil. 

Clean relay contacts. Adjust’ contact 
spring tension, if required. 

Replace the resistor. 

Check group relays. 

Clean and adjust cam spring contacts. 


Inspect for dirty or pitted contacts. 
Clean and adjust. 

Advise telephone user to restore handset 
and to place call again. 

Inspect for dirty or pitted contacts. 
Clean and adjust. 

Replace the capacitor. 

Check trunks for possible trouble. Ad- 
vise telephone user to place call at 
less busy time. 

Inspect for dirty or pitted contacts. 
Clean and adjust. 

Replace the capacitor. 


Test the line from the CDF. 


Dispatch repairman to the telephone set. 

Check operation of the ring'ng group 
relays. Check each connector ringing 
relay in group. Clean and adjust relay 
contacts, if required. 

Same as above. 

Make routine test of connectors. Inspect, 
clean, and adjust relay contacts. 

Inspect, clean, and adjust contacts. 


Replace the capacitors. 


Test selectors, line finders, and line 
relays. 

Make routine test of connectors. Inspect 
for dirty or pitted relay contacts. Clean 
and adjust. 

Check, clean, and adjust contacts. 


Replace the capacitors. 


Test selectors, line finders, and line 
relays. 
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CHAPTER 4 
ADJUSTMENTS AND REPAIR 





Section I. ADJUSTMENTS 


46. Two-motion Stepping Switches (figs. 21 
and 22) 


a. Most faults occurring in two-motion stepping 
switches can be corrected by readjusting the stepping 
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mechanism and the relays. Certain minor adjust- 
ments can be made while the switch is in its working 
location on the shelf. Operate the busying switch, 
if provided, before adjusting. However, whenever 
feasible, remove the switch from the shelf even for 
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Figure 21. Typical two-motion stepping switch, left side. 
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Figure 22. Typical two-motion stepping switch, right stde. 


minor adjustments, and place it on the test stand 
(Auto Elec H-15979) (fig. 24). Locate the test 
stand on a properly equipped and well-lighted repair 
bench. A 24-terminal test jack similar to the shelf 
jacks is provided on the test stand. Connect ter- 
minals 11 and 12 of this connector to the positive 
and negative terminals of the central office battery. 

b. Inspect the switch thoroughly, examining each 


part for signs of wear or failure. Check the adyjust- 
ment of each part, as specified in paragraphs 48 and 
49. 


Note. Tolerances or inspection limits are listed for some 
of the adjustments in the following paragraphs. If the part 
falls within the inspection limits, do not adjust. Adjust to 
the adjust value only if the inspection limits are exceeded. 
Perceptible is used in this manual to agree with the meaning 
given it by the manufacturer. It does not mean one-sixty- 
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fourth inch. A perceptible clearance means a space or gap, 
too small to measure conveniently with a thickness gage, 
which is checked by operating the parts by hand to determine 
that there is no binding. A perceptible clearance can fre- 
quently be discerned, in a strong light, when holding a strip 
of white paper behind the parts. Percepttble as applied to 
contact follow means that the follow must be sufficient to 
be observed but that it is not to be measured. 

c. When adjustments are made, recheck all other 
adjustment requirements that may be affected. Test 
the performance of each switch after adjustment, 
before returning it to service. Use the routine test 


equipment (pars. 28 to 35). 


47. Removing and Replacing Switches 


a. REMOVING SwitcH From SHELF (fig. 23). 
Remove the switch cover. If the switch has a vertical 
commutator mounted on the switch bank, remove the 
wiper cord guide from the commutator bracket. Re- 
move the bank rod nuts to release the switch bank 
from the switch. Place the right hand under the 
lower cover plate. Press upward on the switch until 
the shelf pins engaged in the slots in the switch 
mounting base are opposite the slot openings. At 
the same time, hold the switch bank stationary with 
the left hand, pressing the bank toward the shelf 
frame to prevent catching the switch wipers on the 
bank contacts. Pull the bottom of the switch slightly 
forward. Release the bank, tilting the lower part 
forward to avoid damaging the wipers. Place the 
left hand on the top of the switch to steady it and 
draw the switch forward free of the shelf. Support 
the weight of the switch by pressing upward with 
the right hand under the lower cover plate. 

b. REPLACING SWITCH ON SHELF (fig. 23). Be- 
fore replacing the switch, clean the shelf jack springs, 
and the male contacts on the switch. Grasp the 
switch, holding it as shown in figure 23. Tilt the 
top of the switch toward the shelf until the openings 
in the bayonet slots are opposite the shelf pins. 
Engage the top slots on the top shelf pins. Then 
support the switch bank with the left hand. Move 
the lower part of the switch towards the shelf 
until the full length of the mounting plate rests 
against the shelf. Lower the switch slowly until the 
shelf pins come into contact with the end of the 
slots. Guide the bank rods into the holes in the 
switch frame. Replace and tighten the bank rod nuts. 


48. Requirements and Adjustments for Two- 
motion Stepping Switches 


a. SwWiITcH Suarrts (fig. 25). 
(1) Check the helical-type shaft spring, making 
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Figure 23. Removing or replacing two-motion stepping 


(2) 


sutich on shelf. 


sure it has sufhcient tension to restore the 
switch shaft to its normal position from any 
rotary step on each level. One and one-half 
complete turns in a clockwise direction will 
usually be satisfactory. 

The switch shaft when released must re- 
store to its normal position from any verti- 
cal position by its own weight, and must 
restore the off-normal switch on its return 
to normal. The switch shaft is considered 


‘to be in the normal position when the 


(3) 


normal pin bracket is resting on the upper 
switch shaft bearing. If the switch shaft 
fails to restore, inspect for a bent or scored 
shaft, lack of lubrication, or misalinement 
of the switch shaft bearings. 

Rotate the switch shaft to the tenth position 
on the first level. There should be per- 
ceptible clearance between the normal pin 
bracket and the off-normal lever. 
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Figure 24. Test stand. TM 2103-42 
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6b. VERTICAL STEPPING MECHANISM (figs. 26 and 
2/). Check the vertical stepping mechanism in the 
following sequence: 

(1) Be sure the vertical magnet armature moves 
freely. The maximum allowable side play 
is 0.012 inch. 

(2) Be sure the vertical armature restoring 
spring has sufficient tension. The tension, 
measured at the T-head spring adjusting 
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screw, should be not less than 150 grams. 
Increase or decrease the tension by moving 
the screw out or in. 
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Figure 26. Vertical magnet mechanism. 


(3) The vertical armature should strike both 


magnet cores when the vertical magnet is 

electrically operated, or it should have not 
more than 0.002 inch space between the 
armature and the closest point on one but 
not both cores. 

(4) There should be perceptible play between 
the vertical pawl and the switch frame 
(overthrow stop) with the vertical magnets 
electrically operated, and with the vertical 
pawl engaged with the vertical tooth cor- 
responding to each operating level. There 
should be a gap between the top of the 
vertical detent and the under surface of the 
vertical tooth which should not exceed 
0.010 inch when the switch shaft is raised by 
hand and the vertical pawl is resting against 
the overthrow stop. 
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Figure 27. Vertical pawl. 
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(5) Adjust the gap to meet the above require- 
ments by shifting the position of the vertical 
magnets on the switch frame. Loosen the 
magnet locking screw. Turn the magnet 
adjusting cap until the requirement has 
been met. Tighten the locking screw. 

(6) The vertical pawl must not bind on its pin. 
Its maximum side play with relation to the 
vertical magnet armature should not exceed 
0.008 inch. 

(7) The minimum clearance between the verti- 
cal pawl finger and the vertical pawl guide 
(fig. 27) should be 0.010 inch at the point 
where the switch shaft starts to move ver- 
tically under control of the vertical arma- 
ture at all operating levels. 

(8) The vertical pawl must clear the vertical 
ratchet teeth (fig. 28) as the switch shaft 
releases, and must clear the rotary ratchet 
when the switch shaft is raised to the tenth 
operating level (fig. 28). 
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Figure 28. Vertical pawl after the tenth step. 


(9) Both corners formed by the arc in the verti- 
cal pawl tip should contact the shoulder of 
the tooth with the pawl advanced above 
and resting on the shoulder of the first 
tooth. 

(10) The opening in the loop of the paw! spring 
after it is attached to the pawl should not 
exceed five-sixty-fourths inch. 

c. Rotary STEPPING MECHANISM (figs. 29 and 
30). Check the rotary stepping mechanism in the 
following sequence: 

(1) The rotary magnet armature must pivot 
freely on its pin, with a maximum vertical 
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Figure 29. Rotary magnet mechanism. 


play of 0.003 inch. In its nonoperated po- 
sition, the armature should overlap at least 
two-thirds of the diameter of the backstop 
screw. The rotary pawl should completely 
overlap the end of the rotary pawl guide. 
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Figure 30. Rotary pawl mechanism. 


(2) The tension of the rotary armature restor- 
ing spring, measured at the T-head spring 
adjusting screw, should be not less than 150 
grams. Increase or decrease the tension by 
moving the screw in or out. 

(3) The rotary magnet armature should strike 
both magnet cores at the same time when 
the magnets are electrically operated, or 
should have not more than a 0.002-inch 
space between the armature and the closest 
point on one but not both cores. 

(4) With the rotary magnets energized, and 
not warmer than room temperature, the 
minimum clearance between the rotary pawl 
and its front stop should be 0.002 inch 
while the maximum clearance should be 
0.006 inch. Check the clearance at the first, 
fifth, and tenth rotary steps on the fifth 
bank level. 

(5) Set the rotary armature stop to allow the 
shaft to release from any level without strik- 
ing the pawl, and to have from 0.002 inch 
to 0.010 inch clearance between the pawl 
and the shaft, with the shaft at normal. 
The opening in the loop of the pawl spring 
after it is attached to the pawl should not 
exceed five-sixty-fourths inch. 

(6) Raise the switch shaft to the first operating 
level and advance it to the first rotary 
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Figure 31. Rotary pawl adjustment. 


position. Advance the rotary pawl until it 

strikes behind the second tooth (the eighth 

tooth counting from the rotary detent). The 

rotary pawl guide screw must be set so that 

the pawl either strikes against the base of 

the second tooth or slides slightly on the 

flank of the preceding tooth to the base of 

the second tooth. The rotary pawl must not 
strike on the radial face of a tooth and 
then slide to the base. If adjustment of the 
rotary pawl guide screw fails to correct 
improper striking of the pawl on the rotary 
teeth, return the switch shaft to its normal 
rotary position but be sure it remains on 
the first vertical level. Loosen the normal 
pin bracket setscrew slightly. If the rotary 
pawl strikes the radial face of the tooth, 
shift the normal pin to the left. If the pawl 
slides too far on the flank of the succeeding 
tooth, shift the normal pin to the right. 
With the pawl striking squarely at the base 
of the tooth, tighten the normal pin set- 
screw. Rotate the switch shaft step by step. 
Make sure that the rotary pawl strikes 
within the same limits on the succeeding 
teeth. 

Note. If it has been necessary to move the 
normal pin, check the stationary detent to see that 
it clears the shaft teeth during vertical movement. 
Also check clearance of the wiper assemblies dur- 
ing vertical travel and correct positioning on the 
bank contacts during horizontal travel. 

Set the rotary armature backstop to allow 
the switch shaft to release from any level 
without striking the rotary pawl, and to 
have 0.002 inch minimum or 0.010 inch 
maximum clearance between the rotary 


pawl and switch shaft at normal position. 
Make this adjustment with the shaft up 
five levels and in 10 rotary steps. 

d. Detents (fig. 32). The double detent (some- 


times termed “double dog”) consists of an upper 
and lower detent. The upper (vertical) detent en- 
gages the teeth of the vertical ratchet of the switch 
shaft and the lower (rotary) detent engages the teeth 
of the rotary ratchet. A tension spring holds the 
detent against the shaft, but the detent is pivoted so 
that the release magnet armature strikes 1t when 
operated, and disengages the detent from the shaft. 
A stationary detent (sometimes termed “stationary 


dog’) is located on the switch opposite the double 
detent. It consists of two arms: the upper arm rid- 
ing in a slot in the vertical teeth of the shaft, and 
the lower arm acting as the vertical pawl guide. 
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Figure 32. Double detent and stationary detent. 


(1) The double detent must not bind on its pin 
nor have more than 0.002 inch vertical play. 
When engaged, the tip of the vertical detent 
should clear the notches in the vertical 
ratchet when the shaft is at rotary normal. 
It must engage freely on all levels and may 
allow a slight drop (0.003 inch) in the 
shaft on some levels, but not on all levels. 
With the shaft at rotary normal and the 
double detent disengaged from the release 
link, there should be a minimum of 0.002 
inch or a maximum of 0.010 inch outside 
play of the switch shaft without moving the 
vertical detent (fig. 33). Adjust the vertt- 


(2) 


should engage as flatly as possible with the 
radial face of the rotary ratchet teeth. Aline 
the rotary detent vertically when it rests on 
a ratchet tooth, so that a 0.002-inch gage 
will not enter between the tip of the detent 
and the tooth. 

Note. Do not bend the rotary detent. If these 
specified requirements are not met, replace the 
double detent. 

(5) The stationary detent should be adjusted 
to a 0.003-inch maximum clearance in the 
vertical ratchet slot at the nearest point 

TM 2103-59 when the normal bracket is pressed against 

the normal post from the left. 





Figure 33. Vertical detent alinement. 


cal detent to meet the requirement with the SpRine 


detent bender (Auto Elec H-7067) (fig. ADJUSTER STATIONARY 


OETENT 


33) while holding the entire assembly firmly 
with flat-nosed pliers. Check this require- 
ment on all levels except the tenth. With 
the double detent engaged in the release 
link, the double detent spring should have 
a tension of at least 250 grams but not 
more than 400 grams measured just above 





the detent. 
(3) The double detent spring should be free 
from unnecessary bends and have not more TM 2103-80 


than 0.025 inch bow. The vertical center 

line of its broad surface must be approx- 

imately parallel to the shaft. (6) 
(4) The stopping face of the rotary detent : 


Figure 35. Adjusting stationary detent. 


The stationary detent must not cause a per- 
ceptible rise and should not allow more 

than a perceptible (0.003 inch) drop of the 
Speake os shaft as it engages on at least one level. 
CLOSEST POINT The shaft must rest on the stationary detent 
| with the rotary magnets energized on the 
first rotary step so that the vertical detent 
will engage fully when it is moved away 
from the shaft and allowed to drop back 







STATIONARY he 
DETENT Seas into position. 
Sw SHAFT 
CLEARANCE 
MIN -0.002 INCH 
MAX-0.010 INCH 
ee VERTICAL 
DETENT 
STATIONARY 
OETENT 
TM 2103-60 
TM2103-61 
Figure 34. Horizontal alinement of stationary detent. Figure 36. Stationary detent clearance. 
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(7) 


The stationary detent must allow a 0.002- 
inch minimum or a 0.010-inch maximum 
vertical movement of the shaft with the 
shaft stepped in two or more steps on any 
level. Make this test with the double detent 
held away from the shaft. 


e. RELEASE MECHANISM (fig. 37). 


(1) 


(2) 


(3) 


(4) 


Raise the switch shaft to the fifth operating 
level. Clearance between the engaging edge 
of the rotary detent and the outer edge of 
the rotary teeth should be a minimum of 
0.030 inch, or a maximum of 0.045 with 
the tooth of the double detent engaged in 
the release link. 

With the release magnet armature in its 
electrically operated position, the dowel- 


type adjusting screw in the release armature — 


must operate the double detent far enough 
so that the release link drops completely 
over the tooth on the double detent. 

Place a 0.006-inch gage between the release 
magnet core and the armature, then ener- 
gize the magnet. The release link must not 
engage the double detent tooth. Set the 
armature adjusting screw to meet this re- 
quirement. 

Adjust the release magnet armature back- 
stop screw to allow a minimum clearance 
of 0.060 inch or a maximum clearance of 
0.120 inch between the double detent and 
the end of the armature adjusting screw 
with the release armature at normal, the 
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Figure 37. Release mechanism. 
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switch shaft at rest in any off-normal posi- 
tion, and the rotary detent engaged with 
the rotary teeth. 

The release magnet armature must operate 
the double detent and release the switch 
shaft from any position with current flow 
of 0.180 ampere, and release the armature 
when the circuit is opened. The magnet 
must release the armature on open circuit, 
after having been operated on a current of 
0.365 ampere. 
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Figure 38. Wiper assembly, side view. 


49. Bank Contact Wiper Assemblies and 
Switch Banks 


a. The springs of the wiper assembly (fig. 38) 
must be at an angle of exactly 90° with the switch 
shaft. The upper and lower wiper tips should rest 
at equal angles on the switch bank contacts, and 
should be in vertical alinement with each other at 
their tip ends. At the point where the straight por- 
tion of the wiper spring forms into the wiper hub, 
the springs should have a sharp bend (springs should 
be about one-eighth inch apart), and should converge 
in a straight line to the end of the insulator. 

(1) In the unoperated position, the tip ends of 
line wiper springs should be separated by 
approximately 0.015 ,inch. The springs of 
control wipers on 100-point switches should 
touch at their tip ends, unless otherwise 
specified. Check the wiper tips carefully 
for wear as this directly affects the above 
wiper tip spacing adjustments. Adjust the 
wiper tips to the above requirements, when 
necessary, by bending them close to the 
tip with a pair of fine long-nosed pliers. 
Do not flatten the wings on the tips when 
bending the tips. If the wiper tips are worn 
enough so that the leading edges are thin 
and feathery, do not attempt to adjust them, 
but replace the wiper assembly. Wiper tips 
may also be adjusted with two spring ad- 
justers (WECo 263), one to bend the tips, 
the other to hold the wiper spring and 
prevent its deformation. 


Note. Line wipers refer to the wiper assembly 
engaging the lower switch bank for 100-point 
switches, and to the two lower wiper assemblies 
for 200-point switches. Control wipers refer to the 
wiper assembly engaging the upper switch bank. 
On 100-point switches, the control wiper must meet 
the requirements specified above. On 200-potnt 
switches, the same type of wiper assembly is used 
for line and ‘control banks, and both should meet 
the requirements specified above for line wiper 
assemblies. 

(2) Line wiper springs should touch the end 
of the insulator. Control wiper springs 
should have a clearance of approximately 
0.015 inch between the springs at the end 
of the insulator. 

(3) The tension of each wiper spring must be 
sufficient so that when the pressure of one 
spring of the pair is removed from the 
other, both springs should have a minimum 
follow of three-thirty-seconds inch and one 


WIPER 
TIPS 






WIPER 
SPRING 


LONG 
NOSE 
PLIERS 


TM 2103-46 
Figure 39. Adjusting wiper tip spacing. 


spring a maximum follow of nine-sixty- 
fourths inch. 

(4) The point of contact of the wiper tips on 
each bank contact must be at least one- 
sixteenth inch from the end of the contact. 
Check on the first and tenth contacts of 
the first operating level. 
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Figure 40. Adjusting wiper spring tension. 
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(5) The wipers should center on the fifth or 
sixth contacts of the first and tenth switch 
bank operating levels. Adjust by loosening 
the holding collar setscrew and rotating the 
wiper assembly in either direction until cen- 
tered on the contact. Do not allow the 
wiper assembly to move horizontally on the 
switch shaft during the adjustment. 

If adjustment of the wiper assembly does 
not result in proper contact with the bank 
contacts in all positions, shift the position 
of the switch bank assembly. This is pos- 
sible because the bank rod holes through 
the switch frame have more than normal 
required clearance. Loosen the two bank 
rod nuts slightly and carefully shift the 
switch bank assembly as required. Approx- 
imately three-sixty-fourths inch horizontal 
movement in any direction is_ possible. 
Readjust the wiper assemblies until the - 
requirements are met. 

Apply a light pressure to the left side of 
the shaft restoring spring bracket to take 
up any play between it and the normal post. 
Raise the switch shaft manually to the 
upper limit of its vertical travel. The wiper 
assemblies must clear all contact levels dur- 
ing this check. Adjust for clearance by 
loosening the holding collar setscrews and 
rotating the wiper assemblies until clearance 
is obtained. Do not allow the wiper assem- 
blies to move vertically on the switch shaft 
during the adjustment. Recheck centering 
adjustment ((5) above). 
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(8) The center line between the wiper tips 
must coincide within one-sixty-fourth inch 
with the center line of the fifth operating 
level of the associated switch bank (unless 
otherwise specified below), when the wiper 
is about to cut in on the first contact of 
that level. Adjust by loosening the holding 
collar setscrews and moving the wiper 
assembly vertically to meet the requirement. 
Do not allow the wiper assembly to rotate 
on the switch shaft during the adjustment. 
The switch bank rod collar assemblies must 
be tight and must hold the switch banks 
securely in place on the bank rods. The 
top bank should be in contact with at least 
one of the two bank rod assembly locating 
shoulders. 

(10) Upon completing the wiper and switch 
bank inspections, and after making any 
necessary adjustments, test the restoring of 
the switch shaft and wipers from the 
eleventh rotary position to the normal po- 
sition on the first and tenth levels. Manu- 
ally operate the stepping mechanism. Press 
upward on the shaft when pressing the 
release magnet armature to trip the double 
detent, thus reproducing the same condition 
as when the vertical stepping magnet is 
energized. Test the electrical operation of 
the switch only after it has been tested 
manually. 

b. VERTICAL WIPER ASSEMBLIES AND CONTACT 
Banks (fig. 42). On switches equipped with verti- 
cal contact banks and wipers, the center line of the 
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Figure 41. Switch bank assembly. 
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vertical wiper must be at a 90° angle with the switch 
shaft. The vertical contact bank must be mounted 
with its center line parallel with the switch shaft. 
During adjustment, the original form of the wiper 
tip must not be changed. 


(1) The center line of the vertical wiper should 
be not more than one-thirty-second inch 
above nor more than one-sixty-fourth inch 
below the center line of the vertical bank 
contact corresponding to any horizontal level 
when the switch shaft is raised to that level. 
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Figure 42. Vertical wiper assembly and contact bank. 


(2) Only the tip of the wiper should rest on 
the bank contacts. 

(3) The spring tension of the vertical wipers, 
measured at the offset between the straight 
portion and the tip, should be a minimum 
of 30 grams and a maximum of 45 grams. 

(4) The tip of the vertical wiper should clear 
the vertical bank contacts on all levels when 
the switch shaft is advanced to the first 
rotary position. 


(5) Raise the switch shaft to the first vertical 
position. Turn the shaft toward the first 
rotary position until the wiper backstop 
begins to lift the wiper tip from the vertical 
bank contact. At this point, the vertical 
wiper tip should overlap the bank contact 
by at least five-sixty-fourths inch. 


(6) With the switch shaft at rotary normal on 
all levels, the vertical wiper backstop should 
clear the wiper. This provides full contact 
pressure between the wiper tip and bank 
contacts. 
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Figure 43. Vertical unper, top view. 


c. WIPER Corps (figs. 95 through 98). When 
properly installed, wiper cords normally remain in 
proper position. If wiper cords are displaced or 
disarranged during cleaning operations, rearrange 
and secure them (fig. 96). 

(1) When removing or replacing a switch from 
the shelf, push the switch bank assembly 
back slightly after releasing it from the 
switch frame. This will prevent the dis- 
placement of the wiper cords and the bend- 
ing of wiper assemblies. 

(2) When lifting the switch shaft manually, 
raise it by operating the vertical armature 
by hand, or by placing a finger under the 
end of the switch shaft. 


50. Stepping Switch Auxiliary Contact As- 
semblies 


a. VERTICAL OrF-NoRMAL ContTACcT ASSEMBLIES 
(fig. 44). 

(1) Check the contact pressure and spring ten- 

sion. Adjust by bending the vertical off- 

normal lever. Inspect, and, if necessary, ad- 
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LEVER 
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Figure 44. Vertical off-normal contact assembly. 
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©) 


(3) 


(4) 


(1) 


just the clearance between the contact 
bumper and the first lever spring. Adjust 
by loosening the mounting screws with an 
offset screw driver and shifting the vertical 
off-normal bracket as necessary to obtain 
the adjustment. Inspect the clearance be- 
tween the end of the off-normal lever and 
normal pin. Adjust the clearance by bend- 
ing the tip of the off-normal lever. 


The minimum separation of contact springs 
should be 0.008 inch for make or break 
contacts. With the switch at normal, the 
springs should be approximately parallel 
with the shaft. The bumper on the off-nor- 
mal lever should have perceptible clearance 
from the first lever spring with the off-nor- 
mal lever in its highest position. This clear- 
ance should be as small as possible, other- 
wise binding between the normal stop pin 
and the off-normal lever might result. If a 
lever spring has an adjacent break contact, 
allow a minimum space of 0.002 inch be- 
tween the spring bumpers when the shaft 
is off normal. 


Clearance between the off-normal lever and 
the normal pin, with the switch raised ver- 
tically and rotated horizontally one step, 
should be 0.010 inch minimum, and the 
contact pressure, measured at the point of 
contact on each spring, should be a mini- 
mum of 30 grams. The combined tension 
of the vertical off-normal springs should not 
be sufficient to prevent the complete restora- 
tion of the shaft to vertical normal from any 
position between the first level and vertical 
normal. 


Check the adjustment of the off-normal con- 
tact assemblies by making sure that the 
contacts make when a gage of 0.020-inch 
thickness is inserted between the clamp 
which holds the normal pin and the switch 
shaft. 


6. CaM AND CaM ConTACT ASSEMBLIES (fig. 45). 


Check the position of the cam on the switch 
shaft. The actuating part should normally 
be set under the fourth tooth of the shaft 
rotary ratchet counting from the rear. Ad- 
just by loosening the two collar clamping 
screws and alining the cam. Tighten the 
screws securely when the adjustment 1s 
completed. 


(2) 


ROTARY 
CAM 


Advance the switch shaft by hand on one 
of the bank levels to the tenth horizontal 
position. See that there is clearance of not 
more than one-sixty-fourth inch between the 
engaging surface of the cam and the contact 
bumper. Advance the shaft to the eleventh 
position. If the cam is properly alined on 
the switch shaft, the contact assembly 
should now be in its operated position. The 
cam collar should clear the insulator of the 
engaging contact by not more than five- 
sixty-fourth inch. The insulator on the cam 
engaging surface should clear the rotary 
ratchet by not more than one-sixteenth inch 
with the switch shaft in the normal position. 


ROTARY 








ROTARY CAM 
COLLAR 


ROTARY 

CAM SPRING 
ASSEM 
SWITCH 
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Figure 45. Cam and cam contact spring assembly. 


(3) 


(4) 


(9) 


(6) 


The minimum allowable contact separation 
for make or break contacts is 0.006 inch. If 
there are two or more adjacent break com- 
binations, the minimum clearance between 
each lever spring and the insulator of the 
lever spring in the adjacent break combina- 
tion 1s 0.002 inch. 


Make or break springs must have a per- 
ceptible follow when making or breaking 
contact. 


Normally, closed contact springs of make- 


_before-break combinations must have a 


minimum tension of 45 grams, measured at 
the end of the longer contact spring. 


Lever contact springs must have a mini- 
mum tension of 20 grams against their back 
contact or against the adjacent lever contact 
spring, in the direction of the cam, meas- 
ured midway between the insulator and the 
contact. 


(7) Make contact-spring combinations must the frame which supports the rotary mech- 








have a contact pressure of 20 grams when anism, Lift the rotary mechanism out care- 
closed. fully. Avoid damaging the brush springs 
c¢. Rotary INTERRUPTER CONTACT ASSEMBLIES _ and wiper assembly. 
(fig. 29). (2) Tension and curve the brush springs so that 
(1) The rotary interrupter springs should break the ends of the two springs of each pair are 
contact, with the rotary magnets electrically separated one-fourth inch, with all pressure 
operated, as follows: on switches operating removed. When replaced in the wiper as- 
self-interrupted, the break must be a mini- sembly, the springs of each pair should close 
mum of 0.007 inch and a maximum of 0.015 to within one-fourth inch of their ends. 
inch; when used with interrupter relays, b. SwitcH BANK. 
the break must be a minimum of 0.003 inch, (1) The edge of the broad wiper tip next to the 
and a maximum of 0.008 inch. ratchet gear should be in alinement with 
(2) The contact pressure must be a minimum the front edge of contact numbers 1 and 25. 
of 150 grams, and a maximum of 300 grams The edge of the other wiper tips should rest 
measured at the end of the spring with the approximately in the center of the switch 
armature in its nonoperated position. bank contacts. 
: : : (2) The broad wiper tip should clear adjacent 
51. 25-point Rotary Stepping Switches contacts by one sixty-fourth inch with the 
(fig. 46) wiper assembly at rest. 

a. BrusH Sprincs. The brush springs (part of (3) Adjust the rotary pawl stop and the switch- 
the switch bank assembly) should rest against the bank adjusting screws to meet the require- 
inner hub of the wiper assembly with sufficient ten- ments outlined in (1) and (2) above. Set 
sion to assure good electrical contact as the wiper the wiper tips on the twenty-fifth contact 
assembly rotates. Adjustment of the brush springs by moving the pawl stop. Set the wiper tips 
normally is not required. If, however, adjustment is on the first contact by turning the switch- 
necessary— bank adjusting bushing at the armature end 

(1) Remove the two bank adjusting screws of the switch. Check the setting of the tips 
(figs. 46 and 47). Remove the top part of on the eleventh contact. 
ARM 
SPG 
PAWL 
TENGION INTERRUPTER | SPRING 
ADJ ROTARY 
ARM PAWL 


RATCHET WIPER 
GEAR ASSEM 


RATCHET 
SPRING 
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ROTARY 
MAGNET 


BRUSH , 
SPRING = © 


ROTARY 
PAWL STOP 
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INDICATOR 


Figure 46. Typical 25-point rotary stepping switch. 
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c. ARMATURE STOP. 


(1)The pawl stop positions the wipers accu- 
rately on the bank contacts. It 1s not in- 
tended to stop the full force of the armature 
driving stroke. Such a condition would re- 
sult in short life for both the pawl and the 
ratchet gear. An armature backstop (fig. 
47) is provided to arrest the driving blow 
of the armature just before the pawl en- 
gages its stop. 

(2) Set the armature backstop to relieve the 
pressure of the pawl against the pawl stop. 


Loosen the backstop mounting screw and. 


tap the end of the backstop until it rests 


against the armature while in its nonoper-. 


ated position. Tighten the mounting screw 
slightly and tap the armature backstop 
against the armature until there is barely 


perceptible play between the pawl and pawl: 


stop. Tighten the mounting screw securely. 


(3) The armature backstop should allow play 
in the wiper assembly when the armature 
is against the backstop and engaging any 
ratchet tooth. This play should be noted 
on at least one tooth. 


ARM. ARM 





BEARING PIN 
ARM. ADJ 
SCREW SPRING 
WASHER 
— EO i 
= OC 
ARM. \, 
BACKSTOP SF 
SETSCREW oS 
> cw BANK ADJ 
ARM. 3 7 LOCKSCREW 
BACKSTOP 
BANK ADJ TM 2103-66 


SCREW 


Figure 47. Rotary armature adjustment posts. 


d, RATCHET SPRING. With the armature against 
the armature backstop the tip of the ratchet spring 
should clear the radial surface of each ratchet tooth 
by not more than 0.004 inch. 


e. Rotary ARMATURE (fig. 47). 


(1) The armature must not bind on its bearing 
nor on the bearing pin locking spring. The 
pawl must not bind on its bearing nor on 
the switch frame. 
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(2) 


(3) 


(4) 


The pawl spring should hold the tip of the 
pawl firmly against the ratchet teeth when 
the armature is operated. 


The contact spring bumper must fit tightly 
on the armature and be in line with the 
associated interrupter springs. 


The tension of the spring washer should 
be sufficient to hold the armature stroke 
adjusting screw securely in place (fig. 47). 
Adjust the armature stroke so that the pawl 
just drops in on the next ratchet tooth, 
without binding on the tip of the tooth, with 
0.002-inch clearance between the adjusting 
screw and the magnet core. The pawl 
should not drop in without binding when 
there is 0.005-inch clearance between the 
screw and the magnet core. Insert the 
proper thickness gage between the armature 
and the magnet core. Operate the rotary 
armature by hand, and move the pawl by 
hand to check its relationship to the ratchet 
teeth. 


f. MaGNET INTERRUPTER CONTACTS. 
(1) When a gaging value of 0.003 inch is spec- 


(2) 


ified for a make or break of the interrupter 
contacts on the manufacturer’s circuit re- 
quirement, or switch adjustment sheet, the 
interrupter contacts must make or break 
when there is a 0.002-inch gage placed be- 
tween the stroke adjusting screw and the 
magnet core. The contacts must not make 
or break with a 0,005-inch gage placed be- 
tween the stroke adjusting screw and the 
core when the magnet is electrically oper- 
ated. 

When the gaging value specified is 0.004 
inch for a make or break of the interrupter 
contacts, the contacts must make or break 
when a gage 0.002 inch less than the spec- 


ified value is placed between the stroke 


(3) 


adjusting screw and the magnet core. The 
contacts must not make or break when a 
gage 0.002 inch greater than the specified 
value is placed between the stroke adjusting 
screw and the core when the magnet is 
electrically operated. 

The tension of the interrupter contact 
spring must be between 250 and 400 grams, 
measured at the point where the bumper 
on the armature arm strikes the contact 


spring. 


RELEASE ARM. 
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ROTARY 
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PAWL 
STOP 


ROTARY 
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Figure 48. Minor switch. 


g. WipER ASSEMBLY. 
(1) The wiper assembly must turn freely on 


(2 


a 


(3) 


its bearings. The backs of all wipers should 
be slightly flared. The wipers must be 
alined to fit over the ends of the brush 
springs without excessive movement to one 
side or the other. The wiper springs on the 
first level must clear the pawl and pawl stop 
by a minimum of one sixty-fourth inch dur- 
ing rotation. 

Each spring of a wiper having a broad flat 
tip for contact surface should be tensioned 
to follow approximately three thirty-second 
inch measured at the tip when its opposing 
spring is deflected. 

The tension of each wiper spring having a 
knife edge contact should cause a follow of 
approximately one-sixteenth inch measured 


(4) 


MAGNET 


DETENT 
RESTORING 
SPRING 
WIPER 
ASSEM 


BANK 
ASSEM 


BANK 
CONTACT 
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at the tip, when its opposing spring is 
deflected. 

The indicator should be alined with the 
number or line on the indicating wheel 
corresponding to the bank contact on which 
the wiper tips are resting. 


52. Minor Switches (fig. 48) 


a. Wiper ASSEMBLY. 


(1) 


(2) 


The wiper assembly nut must be tight and 
the upper and lower spring of each pair of 
wipers must not be out of alinement (verti- 
cally) more than one-sixty-fourth inch. 

The tips of each pair of wiper springs 
should be separated approximately 0.015 
inch when the wiper is off the bank. Check 
tension of wiper springs by observing that 
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(3) 


(4) 


(5) 


each wiper spring has a follow of approx- 
imately one-sixteenth inch (measured at the 
tip) when its opposing spring is deflected. 
Each wiper spring must exert approx- 
imately equal tension on the bank contacts. 
The wiper assembly must not bind on its 
axis, nor have more than 0.005 inch vertical 
play. The roller of the off-normal arm must 
turn freely on its axis. The normal stop 
arm must make contact with the normal 
stop pin for at least one-sixty-fourth inch, 
and should not touch the wiper assembly 
restoring spring as the wipers operate or 
restore. 

The wiper assembly restoring spring must 
have enough tension to restore the shaft 
to normal from the second bank contact 
when the shaft is retarded by hand. 
When the oil slot in the shaft does not ex- 
tend to the end of the shaft, adjust the 
wiper assembly collar until its oil hole is 
in approximate alinement with the oil slot 
in the shaft. 


b. BANK ASSEMBLY. 


(1) 


(2) 


With the wiper assembly at normal, the 
wiper tips should rest at a distance from 
the first bank contact, equal to one rotary 
step of the wipers. Adjust the contact bank 
assembly, if necessary. 

The bank assembly must be set so that the 
tips of the wipers pass over the approx- 
imate center of the visible length of each 
bank contact, and stop on the center of each 
bank contact, with respect to its width. 


c. RELEASE ARMATURE. 


(1) 


(2) 


(3) 


The release armature when operated must 
be approximately parallel to the end of the 
heelpiece, and must not bind on its bearings 
or on the heelpiece but have perceptible side 
play. The armature, when electrically op- 
erated, must clear the heelpiece with a gap 
of 0.004 inch maximum. 

The release armature stroke, measured be- 
tween the armature and coil core, should 
be 0.020 inch (plus or minus 0.002 inch) 
unless otherwise specified on the associated 
circuit requirement or relay adjustment 
sheet. 

The engaging surface and edge of the detent 
should be alined with the ratchet teeth, and 
adjusted to hold the wiper tips approx- 
imately on the centers of the bank contacts. 


(4) 


The release armature spring tension should 
be as specified on the manufacturer’s relay 
adjustment sheet for the associated circuit. 


d. RoTAry ARMATURE. 


(1) 


(2) 


(3) 


(4) 


(9) 


The inner surface of the rotary armature 
must be approximately parallel to the end 
of the heelpiece. The armature, when elec- 
trically operated, must clear the heelpiece 
with a gap of 0.004 inch maximum. The 
armature must have perceptible side play 
and not bind on its bearings or on the heel- 
piece. 

The rotary armature backstop should allow 
an armature stroke (measured between the 
armature and coil core) of 0.030 inch (plus 
or minus 0.002 inch) unless otherwise spec- 
ified on the associated relay adjustment 
sheet. With the above adjustment the ro- 
tary pawl will clear the ratchet teeth with 
the armature in its normal position. 

Set the depth of the rotary armature stroke 
so that the detent drops in on each ratchet 
tooth with a maximum clearance of 0.006 
inch between the detent and tooth when 
the armature is electrically operated. 

The rotary armature spring must clear the 
end of the armature at all times and be set 
with its lower edge approximately parallel 
to the main switch frame. The surface of 
the frame should be smooth at the point of 
contact with the rotary armature spring, so 
that the spring moves freely. If it is neces- 
sary to replace the rotary armature spring, 
use the original mounting screws or use 
screws of the same length that will not 
strike the rotary magnet when the armature 
operates. 

The rotary armature spring tension should 
be as specified on the manufacturer’s relay 
adjustment sheet for the associated circuit. 


e. PAWL. 


(1) 


(2) 


(3) 


Aline the pawl exactly with the ratchet 
teeth. It must operate freely on its bearing, 
and not bind on the switch frame. 

The pawl spring is adjusted at the factory 
to hold the pawl guide arm against the 
switch frame with a minimum pressure of 
50 grams or a maximum pressure of 100 
grams, 

Make sure that the pawl strikes the tenth 
tooth of the ratchet, counting clockwise 
from the restoring spring hook, in the same 


relative position in which it strikes the other 
teeth. If it is necessary to bend the normal 
finger, recheck the bank setting (b (1) 
above). 


(4) The rotary armature must strike against 
the magnet core before the paw! strikes the 
stop. With the rotary armature electrically 
operated, there should be perceptible rotary 
play in the wiper assembly. 


f. OrF-NORMAL SPRING ASSEMBLY. 


(1) With the wipers resting on the first bank 
contact, there should be perceptible clear- 
ance between the off-normal arm roller and 
the operating contact spring. The spring 
should strike in the center of the roller. 

(2) Make or break contact assemblies have a 
minimum contact separation of 0.008 inch. 
The lever springs should have sufficient 
tension, with the wiper assembly off-normal, 
to insure good contact. The tension must 
not be great enough to prevent the release 
of the switch from the first step. Back con- 
tact springs must have perceptible follow. 

(3) The off-normal arm roller must engage the 
curved tip of the first lever spring so as to 
restore the contact assembly properly when 
the wipers are released from either the first 
or last bank contact. The off-normal arm 
must not cause the operating lever contact 
spring to become unnecessarily bent or 
bowed, as it is engaged by the off-normal 
arm bushing. 


53. Dial Adjustment 


a, GENERAL. Although dials (fig. 49) are prop- 
erly adjusted before shipment from the factory and 
operate for long periods of time without adjustment, 
minor adjustments may be required occasionally. 
Inspect the dial as indicated below. 

b, ROUTINE INSPECTION. 


(1) Tighten all mounting screws. Check for 
loose or worn parts. Replace defective, 
marred, or mutilated parts. See that the 
dial finger plate (fig. 49) does not bind on 
the finger stop and that the number plate 
is clean and not damaged. 


(2) Spring contacts must not be out of aline- 
ment with respect to each other more than 
one-third of their diameter measured at the 
base of the contact point. Gage by eye. 


(3) Make sure that the mechanism is free from 
grease, dirt, or any other foreign matter 
which is likely to impair its operation. 
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Figure 49. Dial assembly. 


c. RemMovinG D1at EscuTcHEoNn Carp ASSEMBLY. 

(1) Insert escutcheon tool (Auto Elec 

H-26917) under the escutcheon ring at the 

digit 5 finger hole (fig. 50). Press the tool 

down against the locking lever underneath 

the card. Move the tool counterclockwise 

to the digit 6 finger hole (fig. 51). This 

unlocks the card assembly. With the tip 

of the tool, lift the escutcheon ring at the 

digit 6 finger hole and remove the card 
assembly. 





TM2103-69 
Figure 50. Unlockwmg escutcheon ring. 
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at normal, the ratchet pawl should rest 
against its stop so as to give a minimum 
clearance of 0.008 inch, or a maximum 
clearance of 0.030 inch between the shaft 
stop arm and its associated stop. 

(2) If adjustment is necessary, remove the 
finger plate and the number plate. Bend the 
pawl stop to obtain the specified clearance. 

e. Main Sprinc ADJUSTMENT (figs. 49 and 52). 

(1) The main or restoring spring should have 
a tension of one to one and one-third turns 
with the dial in the normal position. Check 

TM 2103-70 by removing the main spring from the main 
Figure 51. Escutcheon ring unlocked. shaft, counting the turns made by the spring 
until all tension is released. Remove the 
spring by holding dial face down in the left 
hand so that the dial finger plate cannot 
revolve. Grasp the shunt cam with the right 
hand and turn it slightly counterclockwise. 
This will release the cam and the spring 
which can be slipped from the shaft. 
When remounting the spring, make sure it 
has proper tension. Increase the tension of 
the main spring by engaging the lower end 





(2) The escutcheon ring, transparent cover, 
number card, and number-card clamping 
plate comprise the card assembly. Release 
the components by turning the assembly 
face down and slightly rotating the notched 
clamping plate in a counterclockwise direc- 
tion. Note the relative position of the parts (2) 
as they are removed. They must be as- ' 
sembled in the reverse order of their 





removal. of the-spring in the hook back of the previ- 
d. RatcHET PAWL ADJUSTMENT. ously used hook. Decrease the tension of 
(1) Check the clearance between the shaft stop the main spring by engaging the spring in 
arm and its associated stop. With the dial the hook in front of the previously used 
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Figure 52. Dial subassembly. 


hook. Hold the dial in the left hand, the 
shunt cam in the right, then rotate the 
shunt cam the correct number of turns in a 
counterclockwise direction. Push down 
until the spring end slides in the key slot 
in the shaft. 

f. Putse Sprinc ADJUSTMENT. 

(1) With the dial at normal, the pulse spring 
contacts should be closed. 

(2) When not engaged by the pulse shorting 
arm, the middle pulse spring should rest 
firmly against the heavy stop spring. 

(3) With the finger plate off normal and the 
tip of the main pulse spring opposite a low 
side of the pulse cam, the tension of the 
spring should be a minimum of 25 grams 
or a maximum of 50 grams. Apply the 


MIDOLE 
PULSE SPRING 


MAIN PULSE SPRING 





EQUAL DISTANCE 


(4) 


(9) 


tension gage to the crimp in the spring. 
The heavy stop spring must hold the 
middle and main pulse springs so that, with 
the finger plate off normal and the tip of 
the main pulse spring opposite a low side 
of the pulse cam (B of fig. 53), the separa- 
tion between the tip of the spring and the 
cam should be approximately the same as 
the separation between the contacts when 
the tip of the main pulse spring is resting 
on the high side of the pulse cam (C of 
fig. 53). Adjust the stop spring with 
smooth-jaw pliers. 

The pulse shorting arm should cause the 
main pulse spring to clear the pulse cam 
by a minimum of 0.015 inch or a maximum 
of 0.030 inch during the short-circuited 
pulse (last pulse). Adjust by bending the 
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Figure 53. Pulse cam and springs. 
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(6) 


shorting arm with smooth-jaw pliers. If 
this adjustment does not meet the require- 
ment, replace the dial. 

The pulse shorting arm must not cause any 
pulse spring to move until after the last 
pulse is actually transmitted. Gage by eye. 


g. SHUNT SPRING ADJUSTMENT (figs. 49 and 52). 


(1) 


(2) 


(3) 


Tension the shunt spring contacts so that 
as the dial moves off normal each spring 
will make contact with its associated spring 
while traveling through a minimum distance 
of 0.015 inch. Adjust the springs to meet 
this requirement. 

When the dial is in the normal position, 
there must be a minimum separation of 
0.015 inch or a maximum separation of 
0.030 inch between the normally open con- 
tacts. Adjust the springs to meet the re- 
quirement. 

During the return of the dial to normal, 
the shunt cam must turn with the finger 
plate when the pulse cam rotates. If this 
requirement is not met, replace the dial. 


h. GOVERNOR ADJUSTMENT (figs. 49 and 52). 


(1) 


(2) 


There should be perceptible end play in the 
governor shaft assembly, not exceeding one- 
sixty-fourth inch. To adjust, loosen the 
locknut, then tighten or loosen the adjust- 
ment screw as required. Tighten the lock- 
nut securely after the adjustment is com- 
pleted. 

The dial must operate at a speed of not 
less than 8 pulses per second nor more 
than 12 pulses per second. The normal or 
desirable dial speed is 10 pulses per second. 
Adjust the governor assembly by bending 
the governor wings to increase or decrease 
the pressure between the governor weights 
and the governor cup to maintain the cor- 
rect dial speed. Keep the governor wings 
formed as nearly alike as is possible. 


t. PULSE CAM. 
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(1) 


(2) 


The pulse cam must be set so that with 
the dial in the normal position, the tip of 
the main pulse spring is approximately 
equidistant from either high side of the cam 
(A of fig. 53). 

To adjust, hold the cam hub nut with an 
Open end wrench and loosen the cam nut 
With the cam socket wrench. Position the 
cam as required. Tighten the cam nut 
securely after the adjustment is completed. 


ERESS WITH 


j» RepLtacinc DiaL EscuTcHEON Carp ASSEM- 


(1) To reassemble the components of the dial 


escutcheon card assembly, first insert the 
transparent cover, then the dial card, and 
finally the dial card clamping plate in the 
dial escutcheon ring. Turn the clamping 
plate in a clockwise direction to engage the 
tongue and lock the assembly. 





™M2103-73 
Figure 54. Locking escutcheon ring. 


(2) Check the position of the locking lever on 


the finger plate, making sure that it points 
midway between digits 6 and 7. Insert the 
small lug on the escutcheon ring into the 
slot just above the finger stop. Press the 
assembly down into the finger plate. Hold 
the assembly in place and insert the dial 
escutcheon tool under the escutcheon ring 
adjacent to digit 7 (fig. 54). Press the 
tool down against the locking lever under- 
neath the card and move in a clockwise 
direction to the digit 6 finger hole. This 
locks the card in place (fig. 55). Remove 
the tool. 
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Figure 55. Escutcheon ring locked in place. 


34. 
type 


Lever Switches, Rotary-type and Push- 
Switches, and Switchboard Jacks 


All switch and jack contacts should be cleaned 


before making adjustments. 


clean 
a. 


BUSHING 


S$Tud 


ROLLER 
LEVER SPRING 


SPRING ! | } 


WASHER 


SCREW 


THICK INSULATOR 


THIN INSULATOR | ' 


Follow the contact 
ing procedures outlined in paragraph 55. 
LEVER SWITCHES (Keys) (fig. 56). 

(1) The lever springs should clear the switch 
frame when the switch is in the normal 
position by a minimum of 0.005 inch. Ad- 
just by loosening the spring assembly 
screws and shifting the springs as required. 

. Tighten the screws securely after adjust- 
ment is completed. 

(2) The tips of the lever springs should engage 
the entire width of their respective rollers 
when the switch is operated in a direction 
to move the springs. Gage by eye. Adjust 
by loosening the spring assembly screws 
and shifting the springs. 

(3) Take up the play in the lever switch in a 
direction away from a lever spring. There 
should be perceptible clearance between the 
tip of that spring and the associated rollers. 
Gage by eye. Adjust the lever spring as 
required with a pair of smooth-jaw pliers. 
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Figure 56. Lever switch. 


(4) Lever springs associated with a back con- 
tact or an insulator should, with the switch 
in the normal position, rest against that 
contact or insulator with a minimum pres- 
sure of 300 grams. Adjust the tips of the 
lever springs as required. 

(5) When a lever spring is not associated with 
a back contact or insulator, the minimum 
tension of the spring should be 20 grams, 
with the switch in the normal position. 

(6) Contacts should line up so that the point 
of contact is not out of alinement with the 
centers of the contacts by more than one- 
fifth of their diameter. Gage by eye. To 
adjust the contacts, loosen the spring assem- 
bly screws and shift the springs to meet 
the requirement. | 

(7) The minimum separation between lever 
switch contact (unless otherwise specified ) 
should be 0.010 inch when the contacts 
are open. Gage by eye. 

(8) Make contacts of break-make spring com- 
binations should have a minimum separation 
of 0.025 inch when the switch is in the 
normal position. 

(9) Break contacts should have a maximum 
contact separation of 0.015 inch when the 
switch is in the operated position. 

(10) The minimum follow of normally open 
contacts should be 0.010 inch (test) or 
0.015 inch (readjust). 

(11) The minimum follow of normally closed 
contacts should be 0.008 inch (test) or 
0.010 inch (readjust). 

b. RotTary-TyPe AND PusH-Type SwitTcHEs (fig. 


57). 


(1) The turn button or plunger must not bind. 
Remove and clean the parts with carbon 
tetrachloride if required. 

(2) The main springs of plunger-type switches 
must have enough tension to restore the 
plunger to its normal position from the 
fully operated position. The tension should 
be distributed equally between the main 
springs. 

(3) Make-contact springs should have a mini- 
mum follow of 0.015 inch after making 
contact. Break-contact springs should have 
a minimum follow of 0.010 inch after break- 
ing contact. Gage by eye. 

(4) Contact springs must be alined. If mis- 
alined, loosen the spring assembly screws 
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and shift the springs as required. If the 
springs are bent, bowed, or have excessive 
follow, straighten the springs or reduce the 
excessive follow as required with smooth- 
jaw pliers or a spring adjuster. 


¢. SWITCHBOARD Jacks (fig. 58). Switchboard 
jacks, either single- or strip-mounted, normally will 
give long service without cleaning or adjustment. If 


TIP CONTACT SPG 





RING CONTACT SPG 


adjustment or cleaning is necessary, proceed as 


follows: 


(1) 


(2) 


(3) 


(4) 


SLEEVE 


Check the jack for wear and improper 
spring adjustment with the correct gages. 
If gages are not available, use a new switch- 
board plug. Inspect the sleeve and spring 
contacts for excessive wear. Measure the 
sleeve wear with a plug gage. Replace the 
jack if the sleeve or the contact springs (at 
the crimped portion) are worn more than 
one-half of their thickness. 

If adjustment of the ring or tip springs 
is required, make the adjustment from the 
front of the switchboard with a jack spring 


‘adjusting tool (WECo. No. 117 or equiv- 


alent). When increasing the tension of the 
springs with the adjusting tool, make sure 
that the spring is not bent far enough to 
cause a butt condition. 


Should adjustment from the front of the 
switchboard fail, remove the jack strip from 
the panel, at the rear of the switchboard, 
and turn the strip to gain access to the jack 
springs. Spring and contact tension adjust- 
ments can then be made with duck-bill 
pliers. Adjust for spring tension by placing 
the pliers on the springs just back of the 
crimp. Adjust for contact tension by plac- 
ing the pliers on the spring just ahead of 
the insulators. Contact spring follow should 
be approximately 0.010-inch minimum. Re- 
place the jack strip if the springs are 
damaged or excessively worn. 

Clean the crimps of the ring and tip springs 
by inserting a newly cleaned switchboard 
plug in the jack and rotating the plug 
against the springs. Inserting and with- 
drawing the plug two or three times while 
rotating the plug, will polish the crimps. 
Keep the plug clean by wiping with a lint- 
free cloth. 
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Figure 58. Telephone-type jack. 
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(5) 


Clean dirty jack sleeves with lint-free cloth 
and an orange stick. Use a strip of cloth 
approximately 5 inches long by 114 inches 
wide. Fold the cloth to 34-inch width and 
wrap spirally around the orange stick. Use 
three layers of cloth per inch. Secure the 
free end of the cloth between the thumb 
and the stick. Moisten the end of the cloth 
in solvent (SD) (table V) with about 15 
drops of oi! (PL-Special). Insert the 
moistened wrapped stick in the jack sleeve. 
Rub back and forth, contacting all sleeve 
surfaces. Replace the cloth when dirty. 
Avoid touching the. jack springs, if possible. 


55. Miscellaneous 


a. Test Jacks (fig. 21). 
(1) The contact spring tips of the test jacks 


(2) 


should be bent (when necessary) so that 
the test plug will readily enter the jack 
when the plug is held at approximately a 
10-degree angle above the horizontal. 
Each jack spring should make contact with 
its corresponding plug terminal. Adjacent 
pairs of springs should have a minimum 
clearance of one-thirty-second inch. 


b. BusyInG Switcu (fig. 59) 


(1) 


The cam contact spring of the busying 
switch (busy key) should contact the cam 
the full width of the cam surface. On 
make-before-break combinations, the break 
spring need not meet the follow require- 
ment, but must have a minimum contact 
pressure of 50 grams. All break contacts, 


except the make-before-break combinations, 
should open before any make contacts close. 
Gage by eye. 

(2) With the busying switch at normal and one 
side of the formed end of the cam spring 
resting against the cam slot, there should 
be a 0.005-inch minimum or a 0.020-inch 
maximum clearance between the other side 
of the formed end of the cam spring and 
the cam slot. 

(3) When the first spring is a cam spring, the 
above clearance is not required but the ten- 
sion of the cam spring against the cam 
should not exceed 120 grams, measured at. 
the end of the spring. 

Note. The springs may be bent to meet this 
adjustment. 

(4) There must be a minimum 0.010-inch clear- 
ance between all springs and the flat side 
of the frame, and the last spring of the 
pile-up and the end of the frame. There 
should be perceptible.clearance between the 
cam spring and the bumper or the second 
moving spring. 

c. SHELF CoNNECToRS (SHELF JACKS). Equip- 
ment mounting bases have a row of nickel-silver 
male contacts, forming a male connector, mounted on 
the rear of the base. These engage a similar row of 
contact springs, forming a female connector (fig. 60) 
(commonly referred to as a shelf jack), mounted on 
the shelf frame. Since all nonswitching circuits which 
enter or leave the equipment mounted on the base 
pass through these connectors, disconnecting any 
wires 1s eliminated when removing one of the units 
from the shelf frame. 
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Figure 59. Busying sustch. | e wee 
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(1) Adjustment will rarely be required for the 
shelf jack. When a pair of connector 
springs are required to make contact upon 
removal of the unit from the shelf, inspect 
and adjust the springs if necessary. 


(2) When the unit is removed from the shelf, | 


the clearance between each pair of shelf 
jack contact springs not required to make 
contact should be a minimum of 0.020 inch 
or a maximum of 0.050 inch, gaged at the 
closest point between the contacting sur- 
faces. 

(3) The springs of a pair of contacts should be 
approximately parallel. The forming of the 


(4) 


(5) 


(1) 


(2) 


(3) 


tips or terminals must not be altered to 
meet any requirements during adjustment. 
There should be perceptible clearance be- 
tween adjacent springs not in the same pair 
of contacts when a unit connector is prop- 
erly inserted in the shelf jack. 


When a pair of contact springs are required 
to make contact with the unit removed from 
the shelf, the make contact springs shall be 
tensioned against each other so that when 
the pressure of one spring of the pair is 
removed, its mate will follow approximately 
three-sixty-fourths inch. Gage by eye. 


d. EQUIPMENT BASES AND COVERS. 


The angles of the upper mounting slots and 
the extreme lower angles of the rear of the 
switch base must be. bent out to hold the 
base approximately centered in the shelf 
mounting space. Gage by eye. 

Each switch front cover must rest on the 
top surface of the mounting plate. The 
cover should also fit snugly on the sides 
of the mounting plate. Covers must not 
bind enough to cause difficulty when being 


mounted or removed. 

Note. When a minor switch is included in the 
two-motion stepping switch, its tenth bank contact 
terminals must be spaced so that they will not 
make contact with the switch front cover. 


The back cover of the switch should be 
securely held with its lower edge under the 
edge of the clamping spring, and the top 
edge secured by the retaining screw. When 
all apparatus is mounted on the mounting 
plate, the back cover must not make contact 
with any of their terminals. 


Section Il. RELAY CLEANING, TESTING, (AND ADJUSTING 


56. Definitions and Numbering 


a. GENERAL. Relays used in step-by-step dial cen- 
tral office equipment do not require frequent adjust- 
ment. However, heavy use over a long period of 
time, contact wear, loss of spring tension or other 
factors may make readjustment of relays necessary 
to restore them to maximum operating efficiency. 
Adjustment consists mainly of bending contact 
springs and/or armature levers by means of special 
tools (par. 5). Never adjust a relay unless it is 
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(1) 
(2) 


certain that the relay does not meet its test require- 
ments. 


Refer to paragraph 5 for tools and gages 
used to check and adjust relays. 

Refer to paragraph 6 for other materials 
required for relay maintenance. See TM 


11-2111 for detailed information. Refer to 


SIG 7, Organizational Spare Parts, and 
SIG 8, Higher Echelon Spare Parts, for 
availability and source of supply of replace- 
ment parts. 


(3) 


(4) 


Refer to the relay adjustment sheets (par. 
58), issued by the manufacturer, for each 
circuit to obtain the operating requirements 
for each relay. These sheets specify me- 
chanical requirements (spring gaging) and 
electrical requirements (current flow). De- 
termine if a relay needs adjustment by 
testing it against these specified values. 

Use the current-flow test set (Auto Elec 
H-64645-1) to check the electrical operat- 
ing characteristics of each relay (pars. 58 
and 59). Figures 65, 66 and 67 show how 
to connect the current-flow test set for 
checking relays in various circuits. Refer 
to TM 11-2112 for complete operating in- 
structions for the current-flow test set. 


b. ELEcTRICAL DEFINITIONS. 


(1) 


(2) 


(3) 


(4) 


(9) 


(6) 


Operate. When current is connected to the 
relay winding, the armature moves suff- 
ciently to cause all normally closed contacts 
to break and all normally open contacts to 
make, reliably. 

Nonoperate. When current is connected to 
the relay winding, the armature does not 
move sufficiently to cause any normally 
open contacts to make, or reduce the pres- 
sure on normally closed contacts to cause 
an unreliable connection. 

Hold. After the relay has operated and the 
current is either reduced abruptly or inter- 
rupted momentarily, the armature does not 
move sufficiently to cause an unreliable 
connection between any contacts that have 
been closed, or close any contacts that have 
been open. 

Release. The armature moves from the core 
sufficiently to break contacts that have been 
closed and make, reliably, contacts that have 
been open. 

Soak. The application of a comparatively 
heavy or soak current immediately before 
the operate, hold, or release values are 
applied. 

Energized. Sufficient current to operate a 
relay is connected to its winding but the 
armature is prevented from assuming its 
operated position by the insertion of a gage 
between the armature and the core. 


c. MECHANICAL DEFINITIONS. 


(1) 


Contact make. Make contacts must make 
before the armature has reached its fully 
operated or restored position. 


(2) 


(3) 


(4) 


(5) 
(6) 


(7) 


Heelpiece air gap. Space between the end 
of the heelpiece and the inner surface of 
the armature when the relay is electrically 
operated (fig. 78). 

Residual air gap. Distance between the face 
of the relay core and the inner surface of 
the armature with the relay electrically 
operated and the residual screw touching: 
the core (fig. 78). 

Spring gaging. Measuring the position of 
the armature with respect to the core when 
the contacts make or break. The measure- 
ment is made with a thickness gage of 
specified value, inserted between armature 
and core. 

Contact assembly (or spring assembly). 
Entire set of contact springs of a relay. 
Contact pile-up (or spring pile-up). Con- 
tact springs assembled in one bank or stack 
and operated by one lever of the relay 
armature. 

Armature travel or stroke. Gap between 
the core and the armature residual screw, 
or the nearest point on the armature itself 
when no residual screw is used, with the 
relay in its normal or unoperated position. 


d. Retay Contact NUMBERING AND WINDING 
LOCATIONS, 


nye 


(1) 


Figure 61 shows how contacts and springs 
are numbered on horizontal-type relays 
for step-by-step equipment. Contacts and 
springs in each pile-up in an assembly are 
numbered consecutively from one upward, 
starting with the spring nearest the heel- 
piece. If a relay has four springs mounted 
in a single pile-up, contact 1 is on the 
spring closest to the heelpiece and contact 
4 is on the spring farthest from the heel- 
piece. If a relay has springs mounted in two 
pile-ups the upper pile-up (looking at the 
relay mounted in its operating position) is 
designated TOP and the lower pile-up 
is designated BOTTOM. Contacts and 
springs in each pile-up are numbered con- 
secutively from 1 upward, as before, with 
a suffix T or B to indicate whether the 
contacts and springs are in the top or the 
bottom pile-up. Testing instructions on the 
manufacturer’s relay adjustment sheets may 
vary, reading either SPG 8T of RLY P-3 
or UPPER SPG 8 OF RLY P-3. In both 
cases, the eighth contact (or spring) in the 
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Figure 61. Contact numbering. 


top contact pile-up of relay P-3 is meant, 
counting always from the heelpiece. It does 
not matter which end of the relay is viewed, 
but it must be placed in its correct relative 
operating position. If the relay has been 
removed from its mounting, the top and 
bottom pile-ups can be correctly identified 
by making sure the letter stenciled on the 
armature is right side up. If the case of 
letters like H and N, the manufacturer 
stamps this letter on the top half of the 
armature. | 

(2) The inside winding on concentric-wound 
coils or armature-end winding on two-sec- 
tion coils, is designated the No. 1 winding 
(fig. 62). The outer winding on concentric- 
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Figure 62. Relay winding location and numbering. 
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wound coils or the heel-end winding on 
two-section coils, is designated the No. 2 
winding. Note that the location of the 
terminals for the No. 1 winding and No. 2 
winding on two-section coils is the reverse 
of the location of the terminals for the 
respective windings on concentric-wound 
coils (fig. 62). Also note the symbol desig- 
nating the start or inside end of the coil 


winding. This symbel does not appear on 


the relay, but is marked for each relay on 
the circuit diagram of the equipment. 
Figure 62 shows the coils as mounted on 
the left side of a switch as viewed from 
the rear. When the relay is mountéd on 
the right side of a switch, the location of 
the terminal connected to the inner end of 
the winding is the reverse of that shown; 
that is, for a single-wound coil the inner 
winding connects to the lower terminal. 


57. Relay and Relay Contact Cleaning 


a, GENERAL. 
(1) Failure of a circuit may be caused by dirt, 


corrosion, or lint on the contacts or other 
parts of a relay. Covers are provided on 
the equipment to reduce the entrance and 
accumulation of foreign materials on the 
working parts of relays. Keep the covers 
in place except when necessary to remove 
them in order to test or adjust the equip- 
ment. When relays are cleaned, wipe the 
inside of the cover with a lint-free cloth 
before replacing it. 


(2) 


When cleaning relay parts, such as arma- 
tures and cores, make sure that the parts 
that touch are clean. On relays equipped 
with stop pins or residual screws, it will 
not be necessary to clean all of the core. 


_ Only the stop pin or residual screw will 


(3) 


contact the core. 

Clean the armatures and cores by inserting 
a clean piece of bond paper between the 
armature and the core. Press the armature 
toward the core to apply a slight pressure 
between the paper and the part being 
cleaned. Then withdraw the paper. Repeat 
this operation several times, using a clean 
spot on the paper, until dirt is no longer 
deposited on the paper. . 


b. ConTACT WEaR. 


(1) Pitted or built-up contacts on relays and 


other apparatus do not prove that the con- 
tacts are useless. Do not replace relays or 
other equipment because of contact erosion 
unless contact is almost being made on the 
base metal to which the contact is welded. 
In the case of twin contacts, one contact 
of each mating pair may be worn nearly 
to the base metal before the apparatus 
requires replacement. When _ necessary, 
recondition contacts which are not exces- 
sively worn by removing build-ups and 
cleaning pits. Figure 63 shows progressive 
wear of dome contacts: (A) a new dome 
contact ; (B) a pitted contact which can be 
reconditioned by cleaning; (C) a pitted 
contact which requires replacement of the 
relay or spring contact assembly. 
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Figure 64. Cleaning relay contacts with contact burnisher. 
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Figure 63. Progressive wear of relay contacts. 


(2) 


Build-ups and pits on relay contacts result 
from the action of electric current as the 
relay makes and breaks contact. Sharp- 
pointed or excessive build-ups may result 
in the mechanical locking of the contacts 
in the operated or closed position. Remove 
build-ups or replace the relay. 


c. CLEANING NonpPITTED Contacts (fig. 64). 


(1) 


9) 






Contacts that fail in service may normally 
be cleaned with a contact burnisher (WECo 
205C, or equivalent) to remove any foreign 
material. Clean the blade of the burnisher 
used on the contacts by wiping it with a 
clean, dry cloth. Clean before and after 
using. When burnishing normally open 
contacts of a relay, place the blade of the 
burnisher flat between the contacts and 
press them together with an orange stick. 
At the same time, move the blade back and 
forth. Rubbing the burnisher blade between 
the contacts two or three times is usually 
sufficient. When burnishing normally closed 
contacts, the tension of the springs them- 
selves usually furnishes sufficient pressure 
against the burnisher blade. On springs 
with heavy tension, lift one of the springs 
away to insert the burnisher blade. 

When unable to clear contact troubles by 
burnishing only, clean and flush the con- 
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tacts with carbon tetrachloride. Dip the flat 
end of a clean toothpick about one-half inch 
into the carbon tetrachloride. Deposit the 
liquid on the contacts (held slightly sep- 
arated) without rubbing. Dip the flat end, 
of another toothpick in the carbon tetra- 
chloride and again deposit the liquid on 
the contacts without rubbing. This flushes 
away the dirt loosened by the first appli- 
cation. Keep the carbon tetrachloride from 
coming in contact with the relay spoolheads 
and insulators. Allow the liquid on the 
contacts to evapordte. When the contacts 
are thoroughly dry, burnish them as out- 
lined above to insure that no deposit or 
residue from the solution, or any foreign 
material remains on the contacts. After 
burnishing, check that the requirements 
covering contact make and contact separa- 
tion are still met. Repeated burnishing 
tends to increase the contact separation and 
to reduce the contact make. If necessary, 
adjust as specified on adjustment sheet 
covering the particular relay. 
d. CLEANING PITTED CONTACTS. 

(1) Burnish the contacts to be cleaned with the 
flat blade of the contact burnisher (WECo 
265C). Do not attempt to remove a pit 
from a contact, but burnish only enough to 
clean the flat, contacting surface surround- 
ing the pit. 

Burnish the pit with the wire burnisher 
(WECo 266C, part of burnisher 265C). 
Place the ball point of the burnisher in the 
pit. If the pit 1s small, rotate the barrel 
of the tool between the thumb and the 
finger, and at the same time apply a slight 
pressure on the tool against the contact. 
Repeat the operation with the burnisher 
held at various angles until the entire sur- 
face of the pit has been cleaned. After 
cleaning the pit, burnish again using the 
flat blade of the burnisher. 
(3) When the burnishing is completed, check 
the contact make and separation require- 
ments. 


(2 


wow 


58. Relay Adjustments Sheets 


The manufacturer supplies a relay adjustment 
sheet for each circuit in the dial central office that 
uses relays. These sheets are circuit requirement 
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tables, listing the mechanical adjustment require- 
ments and the electrical operating requirements. 
Mechanical requirements usually covered are the 
armature stroke, residual air gap, and contact spring 
gaging. References are made to standard adjustment 
sheets for other adjustments and requirements. Elec- 
trical requirements covered are the minimum current 
which should cause the relay armature to operate, 
and the maximum current that can flow in the relay 
coil without operating the armature. The relay ad- 
justment sheet normally carries the same number as 
the circuit drawing with which it is associated, with 
prefix A added. In some cases, the number is the 
same as the manufacturer’s part number for the 
assembly, except with prefix A. Figures 68, 69, 70, 
and 71 are examples of a typical relay adjustment 
sheet, using the manufacturer’s nomenclature and 
abbreviations (Auto Elec AH—35868, which applies 
to circuit drawing No. H—-35868). The columns on 
the adjustment sheets, reading from left to right, are 
explained in the following subparagraphs. 

a. The first column, RELAYS, lists the circuit 
designation letters (A, B, etc.), the manufacturer’s 
part number for each relay, the part number of the 
relay coil, the d-c resistance of each coil winding, 
and whether the relay is SO (slow-operating) or 
SR (slow-releasing). Omission of the SO or SR 
relay designation indicates that the relay is quick- 
acting. The circuit designation letters are those used 
in the circuit diagrams and the circuit explanation 
sheets, and stamped on the armatures of the relays 
themselves. 

b. The second column, no heading, indicates the 
size of the residual air gap between the armature 
and the core, when the relay is electrically operated 
and the residual screw is touching the core. 

c. The third column, SPRING GAGE, shows the 
contact spring arrangement for each relay. The 
decimal value beside each contact spring indicates 
the gap between the armature residual screw and 
the core as measured with a thickness gage, at the 
pomt in the armature travel when the contact 
mounted on that spring makes or breaks with its 
mating contact. 

d. The fourth column, no heading, indicates the 
values for the first test and the second test for relays 
having two-step operation. 

e. The fifth column, TEST FOR, indicates which 
values in the sixth and seventh columns are for (O) 
operate, (NO) nonoperate or (RLS) release tests. 

f. The sixth column, RESISTANCE, indicates 
the values to be used with a resistance-type test set 
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and a specified voltage when checking relays by the 
resistance method. The resistance values given are 
also approximately correct for the amount of resis- 
tance to be placed in series with the coil winding for 
the current-flow tests. 

g. The seventh column, CURRENT, specifies the 
current values, in amperes, for operate and nonoper- 
ate tests of relays with the current-flow test set. The 
resistance in the test set should be adjusted until 
these values of current are indicated on the meter. 
Under the subheading TEST, are listed the allow- 
able limits when testing a relay; under the subhead- 
ing READJ., are listed the values to use when 
readjusting a relay. 

h. The eighth column, SEE NOTE, refers the 
reader to the block marked NOTES at the bottom of 
the sheet, which contains special test instructions. 

i. The ninth column, TESTING INSTRUC- 
TIONS, gives any special instructions necessary, and 
also indicates the point (or points) for connecting 
the current-flow test set to the relay under test. 

(1) Figure 65 illustrates the connection of the 
test set to a relay with both battery and 
ground on the relay winding. The relay 
under test is a two-step relay with two test- 
ing operations required. The No. 1 test 
(indicated by dashed lines) places all of the 

. telay windings in series. The No. 1 test 
(indicated by the solid line) checks only 
the relay winding that is energized on the 
final step. Arrows adjacent to the switches 
on the panel of the test set indicate the po- 
sition of the switch levers for the relay test 
illustrated. Note that switch BAT (bat- 
tery) is operated to the OFF position since 
this relay has battery connected. Also, the 
meter reverse switch is operated to correct 
the meter polarity. © 

(2) Note the following testing instructions of 
the manufacturer for the No. 1 test: “Con- 
nect test leads to springs 6 and 8 and switch 
BAT to OFF.” Refer to figure 61 for the 
numbering arrangement of the relay 
springs. Figure 65 shows the connections 
of the current-flow test set (Auto Elec 
H-64645-1), and the circuit of the relay for 
the No. 1 test. The operate current values 
listed for the No. 1 test operate the relay 
armature just far enough to close contacts 
2, 3, and 4. 

(3) Note the following testing instructions of 
the manufacturer for the second test: “No. 
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2 test operates all springs. POS. to spring 
1.’ This means that the + (positive) out- 
test cord is connected to No. 1 spring on 
the relay, and the other out-test cord is 
not connected. In this case, switch BAT 
on the current-flow test set (Auto Elec 
H-64645-1) is operated to the normal po- 
sition. 

(4) Figure 66 illustrates the test connections for 
relay F-3 on the typical relay adjustment 
sheet No. 2 (fig. 69), and figure 67 illus- 
trates the connections for relay P-—3 on 
typical relay adjustment sheet No. 3 (fig. 
70). These are conditions similar to the 
No. 2 test in figure 65, where only one test 
lead is used. 

(5) Refer to TM 11-2112 and to the specified 
relay adjustment sheet for operating in- 
formation and relay testing information, 
respectively, 

j. The title block at the lower right corner of the 
sheet indicates the circuit number and assembly draw- 
ing number of the equipment to which the sheet 
applies. General notes and explanation of terms are 
listed to the left of the title block. The block titled 
STANDARD ADJUSTMENTS lists the numbers 
of the manufacturer’s standard adjustment instruc- 
tions which are applicable to the equipment. 

k. The NOTES block lists special and standard 
test instructions. When any note is specified for a 
particular relay, the test instructions in the referenced 
note apply, in addition to the instructions in the 
TESTING INSTRUCTIONS column. The mean- 
ings of abbreviations and terms used on the relay 
adjustment sheet are given in the EXPLANATION 
OF TERMS column. 

/, Note that no current-flow values are given for 
relay B-3 in figure 68. This is a special vibrating- 
reed type relay, and the adjusting requirements only 
are listed. Reference is made to the manufacturer’s 
standard adjustment sheet for the special mechanical 
requirements and adjustments of this type of relay. 
Refer to paragraph 62 for a description of adjustment 
procedures for vibrating-reed relays. 


59. Relay Testing and Adjusting Procedure 


a. Before adjusting relays, inspect and test them 
in accordance with the following routines. Adjust 
relays only when necessary. Paragraphs 60-63 give 
typical examples of adjustment requirements and 
procedures contained in the manufacturer’s standard 


relay adjustment sheets. 
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(1) 


(2) 


(3) 


Check the relay for loose or bent parts, 
mechanical defects, contact alinement (fig. 
72) and clearance from other relays. Make 
sure the relay is approximately level, the 
mounting screws are tight, and that there 
is at least 1/32-inch clearance between any 
part of the relay and the closest part of the 
adjacent relays. Observe the alinement of 
mating contacts (fig. 72). Maximum devia- 
tion allowable is about one-third of the 
contact diameter, not to exceed 40 percent, 
judged visually. 

Check the residual air gap. The proper 
residual air gap is listed in the applicable 
standard relay adjustment sheet (par. 58). 
The purpose of the residual air gap is to 
prevent the residual magnetism in the core 
from holding the armature operated after 
the current is interrupted. Some relays 
have fixed residual air gaps, and use a stud 
instead of a screw. Refer to the applicable 
standard adjustment sheets. 





CONTACTS MUST ALIGN WITHIN 3 OF THEIR BASE DIAMETER 


TM 2103-43 
Figure 72. Relay contact altnement. 


Check the heelpiece air gap. The standard 
adjustment sheet issued by the manufac- 
turer for each type of relay specifies the 
limits of the air gap and tolerances. The 
heelpiece air gap must be large enough to 
keep the armature from striking or binding 
against the heelpiece, but must be as small 
as possible in order to obtain the maximum 
magnetic strength. Adjust the heelpiece air 
gap by loosening the armature yoke screw, 
inserting the proper thickness gage, and 
tightening the yoke screw while holding the 
armature firmly against the gage (par. 60). 
Always refer to the proper standard relay 
adjustment sheet (furnished by the man- 
ufacturer) for the type of relay being ad- 
justed. 


(4) 


(9) 


Check the spring gaging. This is the meas- 
urement of the movement of the armature 
or movable contact springs in relation to 
the stationary or make and break contact 
springs (fig. 73). Spring gaging is meas- 
ured between the armature residual screw 
and the core, with the armature held oper- 
ated, and observing if the contacts being 
gaged make or break. The gaging value for — 
each contact is listed on the relay adjust- 
ment sheets, in the SPRING GAUGING 
column (fig. 68). The armature stroke and 
backstop setting must also be checked when 
checking or adjusting the spring gaging 
(par. 60). 

Check the electrical operating requirements. 
Use the current-flow test set (Auto Elec 
H-64645-1) to test the operate and non- 
operate current-flow values listed on the 
applicable relay adjustment sheet. Connect 
the current-flow test set to the relay in ac- 
cordance with directions in the TESTING 
INSTRUCTIONS column. Use the resis- 
tance and current values in the test column. 


(a) Before testing relays, apply a saturating 


current to the relay, for at least 1 second, 
in the same direction as the normal cur- 
rent flow. Do not apply test current to 
the coil until 1 second after the saturation 
period. Connect coil windings, having a 
resistance of 100 ohms or more, directly 
to the 48-volt main battery. Connect coil 
windings having a resistance of less than ~ 
100 ohms with a 50-ohm protective re- 
sistance in Series with the voltage source. 
The resistor banks in the current-flow 
test set (TM 11-2112) may be used 
for the purpose. 


(6) Set the switches in the OPR and N OPR 


row on the current-flow test set (Auto 
Elec H-64645-1 and TM 11-2112) to 
the approximate test resistance value in- 
dicated on the relay adjustment sheet. 
Operate the TEST switch (figs. 65, 66, 
and 67) to the OPR position. Adjust 
the total resistance until the meter indi- 
cates the specified value of current. Op- 
erate the TEST switch several times, 
observing if the armature operates fully. 
If armature does not operate fully, the 
armature (movable or lever) contact 
Springs have too much tension. 
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ARMATURE 
CONTACT coNTACT 
YOKE STATIONARY SPRING  spRING 
ARMAT 
YOKE SCREW 6 TuRE  GONTACT ASSEMBLY 
SPRINGS 
v 


WASHER 







~ 
eo v, 
- [A 
ARMATURE 
KNUT _ ARMATURE COIL 
LOCKNU TWO-SECTION BAcKeToR. “TERMS: 
RESIDUAL ARMATURE COIL A 
SCREW LEVER 
ARMATURE STATIONARY ARMATURE 
BEARING : CONTACT CONTACT 
YOKE SPRINGS SPRING CONTACT 
TT] sScREW YOKE SPRING 








CLAMPING ASSEMBLY 
| : WASHER a 


ARMATURE COIL 
LOCKNUT CONTACT ARMATURE  rerRwms. 
RESIDUAL BUMPER BACKSTOP 
SCREW TM 2103-103 


Figure 73. Horizontal-type relays, standard armature (A) and short-lever 
armature (B), side view. 


(c) Operate the TEST switch (figs. 65, 66 value of current flow, the armature 
and 6/7) to the N OPR position. Adjust springs do not have sufficient tension. 
the total resistance in the N OPR row of b. Readjust relays that do not meet the spring 
resistance-bank switches until the speci- | gaging or the current-flow limits within specified 
fied current is indicated-on the meter. tolerances. Minor variations from specified values 


Operate the TEST switch from normal are to be expected and are not cause for readjustment. 
to N OPR several times, observing Refer to the manufacturer’s standard adjustment 
whether the armature operates. If the | sheets for tolerances and adjustment values. Adjust 
armature operates with the nonoperate relay contact springs to meet spring gaging require- 
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ments by bending the stationary contacts with the 
relay contact spring adjuster (Auto Elec H-20777) 
(table II and par. 60). Adjust the tension of the 
movable or armature springs with spring adjuster 
(Auto Elec H-42873) (table II). For twin-contact 
type 57 relays, use relay contact spring adjuster 
(Auto Elec H-88504-1) (table III) for spring gag- 
ing, and spring adjuster (Auto Elec H-88504-2) 
for tensioning springs. Follow the typical procedures 
and relay adjustment requirements outlined in para- 
graphs 60-63. 


60. Adjustments and Requirements for Hori- 
zontal-Type Relays 


a. Contact ALINEMENT. 

(1) First clean and burnish relay contacts, re- 
moving any build-ups (par. 57). Then 
check the contact alinement by sight. Mat- 
ing relay contacts must not be out of aline- 
ment with each other by more than one- 
third of their base diameter. 


(2) If the relay contacts are not alined satis- 
factorily, attempt to aline them by applying 
pressure to the ends of the contact springs. 
If this does not correct the condition, at- 
tempt to loosen the contact spring assembly 
clamping screws (fig. 74) with an offset 
screw driver and then to shift the springs 
as required. Remove the relay from the 
mounting plate, if necessary, for this ad- 
justment. Tighten the clamping screws 
securely when the alinement is completed. 


Note. Since the clamping screws are tightened under 
pressure at the factory, then baked and clipped, upsetting the 
thread and making removal difficult, attempt the contact- 
alinement procedure described, above and _ illustrated in 
figure 74, only in cases of emergency. In any event, if this 
emergency method is used, do not force the clamping screws 
tf they do not unscrew easily. 
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Figure 74. Emergency method of alining relay contacts. 





(3) Make sure that relay contact springs do not 
have any kinks or sharp bends. A gradual 
bow in the free length of a spring is per- 
missible but should not exceed 0.025 inch. 
Remove sharp kinks or excessive bows in 
contact springs with a pair of duck-bill or 
smooth-jaw pliers (fig. 75) if space permits, 
or with a spring adjuster, with the proper 
slot thickness for the spring being adjusted, 
if space is restricted. Stroke the tool along 
the contact spring while removing the kink 
or bow. 

Caution: If a spring adjuster is used to 
stroke a contact spring, be careful that the 
sharp edge of the slot in the adjuster does 
not peel a small shaving from the spring. 
Shavings may cause a short circuit between 
contact springs which is extremely difficult 
to locate. 
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Figure 75. Removing kink in relay contact spring with 
duck-bill pliers. 


b. HEELPIECE Air Gap. Check the relay armature 
to make sure it moves freely in its bearings, without 
excessive side play. The armature should clear the 
heelpiece, with an air gap of not more than 0.004 
inch for inspection. Measure at the closest point with 
the armature operated. Loosen the yoke screw. In- 
sert the 0.003-inch thickness gage between the arma- 
ture and the heelpiece (fig. 76). Shift the armature 
yoke until the armature presses firmly against the 
thickness gage. Tighten the yoke screw firmly after 


completing the adjustment. : | 

Note. For short-lever armature (fig. 77) and slow-release 
relays, the heelpiece air gap may be 0.005 inch, with a max- 
imum of 0.006 inch for inspection. 
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c. ResipuaL Air Gap (fig. 78). Adjust relays 
having adjustable residual screws to the value shown 
on the relay adjustment sheet (par. 58). 

(1) A special key-ring type of thickness gage 
assembly (Auto Elec H-46795-1, Signal 
Corps stock No. 6R41570, or equivalent), 
consisting of nine gages mounted on a ring 
holder, is required for checking the residual 
air gap, since each gage has a hole at one 
end. Remove the gages from the holder 
before using. If this type of gage is not 
available, use the standard type thickness 
gage (Signal Corps stock Nos. 6045709 or 
6045726) until the key-ring type thickness 
gage is obtained. However, checking and 
adjusting residual air gaps with the stand- 
ard type thickness gage is difficult and not 
reliable. 
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Figure 76. Gaging relay heelpiece air gap on standard 
armature. 
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(2) Check the residual air gap (A of fig. 78) 
by inserting a thickness gage of the spec- 
ified thickness between the relay armature 
and the core. Insert the end of the gage 
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Figure 77. Gaging relay heelpiece air gap on short-lever 
armature. 
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Figure 78. Adjusting relay residual and heelpiece air gaps. 
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provided with the hole so that the end of 
the residual screw passes through the hole 
and strikes the core (B of fig. 78). When 
using any thickness gage not provided with 
a hole, insert an end of the gage between 
the armature and the core, adjacent to, but 
not touching, the residual screw. Operate 
the armature, making sure the residual 
screw touches the core. 

(3) Operate the relay armature manually after 
inserting the proper gage. If the gage is 
very loose, the air gap is excessive. If the 
gage is tight, the gap may be too small. 
Loosen the residual screw locknut (A of 
fig. 78). Turn the residual screw in or out 
until the gage fits snugly between the arma- 
ture and the core. Tighten the locknut 
securely after completing the adjustment. 

d. Sprinc Gacinc. The values of spring gaging 
shown on the relay adjustment sheets establish the 
correct sequence of make or break of relay contacts. 
Relays must meet the specified values, within toler- 
ances. Check the-spring gaging for each contact 
spring in the relay contact assembly. Relay D-3 in 
figure 68 is used as an example for the following 
typical procedure for spring gaging. 

(1) Start with the No. 1 contact spring. Using 
the 9-leaf thickness gage assembly (Auto 
Elec H-46795-1), insert gages totaling 
0.028 inch between the armature residual 
screw and the core. Operate the armature. 
Contacts 1 and 2 should just make. If 
necessary, bend the armature lever to obtain 
this condition. The stroke is now set. In- 
crease the gage to 0.32 inch and bend the 
armature backstop so that the gage is snug 
with the armature in its unoperated posi- 
tion. Reduce the gage to 0.015 inch, and 
observe that No. 4 contact spring moves 
far enough to break contacts 3 and 4; and 
with 0.010-inch gage, observe that contact 
4 makes with contact 5. Notice that the 
break contacts open before the make con- 
tacts close, so the circuits are not momen- 
tarily interconnected. Repeat the procedure 
for each contact spring. Minor deviations 
from the values specified in relay adjust- 
ment sheets are not sufficient cause for 
readjustment. Tolerances for inspection 
tests are about 0.001 inch for values of 
0.003 inch or less, and 0.002 inch for larger 
values. Readjust relays that show consid- 


ARMATURE 
BENOER 
H-14768 


erable deviation from the specified values. 
For specific limits and tolerances, refer to 
the manufacturer's standard adjustment 
sheet for the particular type of relay being 


adjusted. 
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Figure 79. Adjusting relay armature lever. 
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Check the contact springs for straightness 
and proper tension. The springs should be 
approximately parallel to the heelpiece. If 
necessary, bend the armature lever so that 
it will operate the No. 1 break contact with 
the specified thickness gage between the 
armature and core. Use armature lever 
adjuster Auto Elec H-14768 (fig. 79). If 
the relay contact pile-ups do not have break 
contacts, adjust the armature stroke to the 
gaging value shown for the No. 1 contact 
by bending the armature backstop, using 
armature stop bender Auto Elec H—14769 
(fig. 80). When Nos. 1 and 2 contacts 





ARMATURE 
BACKSTOP 


TM 2103 -62 


Figure 80. Adjusting relay armature backstop. 
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(3) 


(4) 


are break contacts, the armature backstop 
should clear the armature when the arma- 
ture is at rest. Adjust the armature back- 
stop (fig. 80) if necessary, with the 
armature lever adjuster, until a perceptible 
gap, 0.005- to 0.012-inch, is obtained. 
Adjust the stationary contacts, when nec- 
essary, to meet the gaging requirement. 
Use spring adjuster Auto Elec 20777 for 
horizontal relays, or duck-bill pliers when 
the springs are easily accessible. Use spring 
adjuster Auto Elec H-88504—2 for type 57 
twin-contact relays. 

When the relay contact assembly has more 
than one set of break contacts, adjust the 
armature (movable) contact springs so that 
the armature breaks each set in sequence 
instead of simultaneously. Adjust the con- 
tact spring closest to the armature to break 
first, the next nearest contact spring to 
break second, and any other contact springs 
in order. This permits the armature to pick 
up the spring loads one at a time; and, in 
restoring, each contact rests against its mat- 
ing contact with full tension. 


e. SPRING TENSIONING. 
(1) Adjust the tension of armature springs of 


(2) 


relays that do not meet the TEST limits 
in the current-flow test (par. 59). If the 
relay operates on the nonoperate test, 1n- 
crease the armature spring tension. Using 
spring adjuster Auto Elec 42873, engage 
the spring in the slot in one end of the 
spring adjuster, at a point near the insu- 
lator (fig. 81). Bend the spring toward the 
heelpiece. Perform this adjustment for each 
armature spring in the relay contact assem- 
bly, taking care to distribute the tension 
evenly. Do not put too much tension in the 
springs, or the relay will not operate on 
the operate test. The tension adjustment 
may change the spring gaging. Recheck the 
spring gaging, then test for operate and 
nonoperate requirements with the: current- 
flow test. 

If the tensioning adjustment does not result 
in sufficient spring tension, return the spring 
to its original shape by removing bends or 
kinks. Place the spring adjuster (fig. 81) 
on the desired armature or movable spring 
close to the clamping plate, near the ter- 
minal end of the relay. Turn the spring 





adjuster in such a direction as to move the 
armature spring away from the heelpiece, 
bending it slightly. The armature spring 
will no longer make contact with its break 
(stationary) contact. 
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Figure 81. Adjusting relay armature contact spring tenston. 
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(4) 
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ee? 


(6) 


Stroke the armature contact spring, by slid- 
ing the spring adjuster Auto Elec 42873 
along the spring while pressing the spring 
slightly upward and with the tool held at 
an angle with respect to the spring. This 
action will arch the spring away from the 
heelpiece, with the concave surface of the 
bowed spring facing the heelpiece. The 
center of the bowed spring will be farther 
away from the heelpiece than either the 
clamped or the contact end. Take care not 
to place sharp bends or kinks in the spring. 
Now bend the armature spring back toward 
the heelpiece, placing the adjusting tool on 
the spring in the same location as before. 
Bend the armature spring until the contacts 
rest against its break (stationary) contacts 
with sufficient pressure to remove the slight 
bow from the spring. The relay armature 
will now operate against greater spring ten- 
sion, 

If the relay failed to operate on the operate 
test, or when too much tension is put in 
the armature springs during adjustment, 
bend the armature springs slightly away 
from the heelpiece to reduce the tension. 
Adjust twin-contact relay springs carefully 
so that both contacts remain alined and 
make at nearly the same time. If both con- 
tact pairs do not make fully within the 
limit of spring gaging tolerance, adjust the 
springs until this requirement is met. 


- 


f. ReLtay ADJUSTMENT REQUIREMENTS. Always 
refer to the manufacturer’s standard adjustment 
sheets for the adjustment requirements and _ toler- 
ances. Following are examples of requirements and 
tolerances for horizontal-type relays listed in the 
standard adjustment sheets. 


(1) The relay armature must move freely in 


(2) 


(3) 


its bearings with side play of not less than 
0.002 inch or more than 0.020 inch. The 
armature must not make contact with the 
heelpiece, but must clear it by not more 
than 0.003 inch for adjustment, and 0.004 
inch for inspection. Measure at the closest 
point with the armature operated (par. 59). 
Note. For shcrt-lever armature and slow-release 
relays, the maximum heelpiece air gap may be 
0.005 inch for adjustment and 0.006 inch for 
inspection. 
Adjust the armature backstop to allow a 
perceptible clearance (0.005 to 0.012 inch) 
in the armature between the No. 2 contact 
spring and the armature backstop on con- 
tact assemblies where the No. 1 contact 
spring is a break contact. 
Adjust relays equipped with residual screws 
to the residual air gap specified on the relay 
adjustment sheet. 


(a) When the relay adjustment sheet spec- 


ifies a residual air gap of 0.003 inch or 
more, a maximum tolerance of 0.001 inch 
for adjustment, and 0.002 inch for in- 
spection, may be allowed. 


(b) When the residual air gap is specified as 


(4) 


0.0015 inch, the armature must not touch 
the core, or be farther from the core at 
the closest point than 0.003 inch for ad- 
justment, 0.004 inch for inspection, with 
the relay electrically operated. 


When the armature travel (stroke) value 
is specified on the relay adjustment sheet, 
a tolerance of 0.002 inch for inspection may 
be allowed. A 0.003-inch gage greater 
than the armature travel value should not 
enter between the end of the residual screw 
and the coil core on standard armature 
relays. For short lever armatures, use a 
0.005-inch gage. Check with the relay not 
energized. If the gage enters, the armature 
should not leave the armature backstop 
when the relay is energized. 


(a) If the requirement is not met, adjust the 


armature lever with armature bender 


Auto Elec H-14768 (fig. 79). Adjust 
with the specified thickness gage inserted 
between the armature and the coil core. 


(b) When the difference between the spec- 


ified armature travel and the highest 
value for make contact spring gaging is 
0.005 inch or more, insert a thickness 
gage of 0.002 inch less than the values 
specified for the armature travel between 
the armature and the core, and note that 
the armature leaves the backstop when 
the relay is operated. 


(c) When the difference between the values 


specified for the armature travel and the 
highest value for make contact gaging is 
0.004 inch or less, insert a thickness gage 
of 0.002 inch more than the value on 
which the make contact actually makes, 
between the armature and the core, and 
-note that the armature leaves the back- 
stop when the relay is operated. 


(5) Adjust relays, when required, to the spring 


gaging requirements specified on the applic- 
able relay adjustment sheet. The spring 
gaping requirements is checked by placing 
a thickness gage of the specified value be- 
tween the relay armature residual screw 
and the core of the coil. Operate the relay 
electrically or mechanically and observe that 
contacts make or break, within allowable 
tolerances. 


(a) Make contacts should not make with the 


plus tolerances, and should make with the 
minus tolerances: break contacts should 
not break with the plus tolerances and 
should break with the minus tolerances. 


(b) .For inspection, a plus or minus 0.001- 


inch tolerance for standard armatures, or 
plus or minus 0.002-inch for short lever 
armatures may be allowed, except that on 
values of 0.004 inch or less the tolerance 
is 0.001 inch. 


(c) Twin-contact relays may have one of the 


contact pairs making before the other 
contact pair. In this case, when the first 
contacts make, the other contacts may 
have a barely perceptible clearance, and 
must make fully within the maximum 
spring gaging tolerance. 


(6) Relays must fully operate all contact 


springs, and the armature residual screw 
(when used) must touch the magnet core, 
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on the OPERATE tests shown on the relay 
adjustment sheet. 

(a) Relays should not open any break (back) 
contact circuits or close any make con- 
tact circuits on the NON OPERATE 
tests shown on the relay adjustment 
sheet, except on relays having three or 
more break contacts. In this case, the 
first two break contact combinations in 
the operating sequence may break con- 
tact on the NON OPERATE tests. This 
exception does not apply to break contacts 
of the standard make-before-break com- 
binations illustrated by Nos. 2 and 3 
springs (A of fig. 82). This requirement 
does apply to the break contacts of the 
special make-before-break combination il- 
lustrated by Nos. 1 and 2 springs (B of 
fig. 82). 

(b) On special make-before-break combina- 
tions, (B of fig. 82) the make contacts 
may make on the NON OPERATE re- 
quirements specified for the entire contact 
spring assembly. 

(c) On two-step relays, the contacts to which 
the separate electrical requirements apply 
make or break on the NON OPERATE 
requirements specified for the entire 
contact spring assembly. 

(ad) Contact spring tension will be inspected 
in accordance with the TEST values 
given on the relay adjustment sheet, and 
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Figure 82. Relay contact spring assemblies, make-before- 
break 
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adjusted in accordance with the READ- 
JUST values. 
(7) Before testing or adjusting relays, apply a 
saturating current to the relay for at least 
1 second. The saturating current flow must 
be in the same direction as the normal cur- 
rent flow. Do not apply test current to the 
coil until 1 second after the saturation 
period. 


61. Two-step Relays (figs. 83 and 84) 


a. Two-step operation of a standard horizontal 
relay is obtained by a combination of magnetic field 
strength and spring tension. The circuit is so 
designed that the pull of the relay coil is limited 
sufficiently, on No. 1 step, to move the relay arma- 
ture, against the tension of the spring pile-up, through 
only that part of its travel required to operate the 
contact springs associated with No. 1 step. No. 2 step 
is completed by increasing the magnetic field strength 
of the relay coil sufficiently to move the armature 
through the remainder of its travel, operating the 
rest of the contact springs. 
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Figure 83. Relay adjustment data for two-step operation. 
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Figure 84. Relay contact assembly for two-step operation. 


b. Horizontal relays having two-step operation are 
normally marked as such on the circuit drawing, and 
are sometimes so designated on the relay adjustment 
sheet. This type of operation can be determined 
easily from the adjustment sheet by examining the 
contact spring arrangement, or by inspecting the 
actual relay contact spring assembly. 


c. Testing two-step relay operation usually re- 
quires the testing of two coil windings with the 
current-flow test set. First, check the residual air 
yap and the heelpiece air gap. Then check the gaging 
requirements, which include the checking of armature 
travel. Connect the current-flow test set to the relay 
winding for the first test. Check for proper operation 
of springs associated with No. 1 step. Connect the 
current-flow test set to the winding used for No. 2 
step and check for proper operation of springs asso- 
ciated with the No. 2 step. Springs assoctated with 
No. 1 step are permitted to close on the nonoperate 
value of No. 2 step. Follow the instructions given 
in the TESTING INSTRUCTIONS column of the 
relay adjustment sheet. 

(1) Using relay D-3 in figure 68 as an example, 
connect the positive out-test lead of the 
current-flow test set to contact spring 1 of 
relay D-3, and connect the negative out-test 
lead to contact spring 9T of relay P-3. 
This connects the current-flow test set to 
No. 1 coil of relay D-3. Test operation of 
contacts 1 and 2 using the current-flow 
values listed on the adjustment sheet in the 
TEST column for the No. 1 test. Adjust 
Nos. 1 and 2 springs if necessary, to meet 
the operate and nonoperate requirements. 
If adjustments are made, retest, using cur- 
rent-flow values in the READJ. column. 

(2) After completing the test on the first step, 
change the test connections for No. 2 test. 
The instructions for the No. 2 test state 
POS to SPG 2 of relay D-3 and do not 
give any connection for the negative out-test 
cord. The test connections for the second 
step will therefore be similar to figure 66. 
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Test for operation of all contacts, using tne 
values listed in the TEST column on the 
adjustment sheet for No. 2 test. If any 
adjustments were necessary to meet the 
requirements, retest, using current-flow 
values in the READJ. column. Also re- 
check the first step to make sure the initial 
adjustments have not been thrown off. 


62. Vibrating-reed Timing Relays (fig. 85) 

a. Adjust timing relays in the position in which 
the relays are mounted in operation. Make stire that 
the contact assembly mounting screws are tight. Po- 
sition the vibrating reed so that the horizontal center 
line of the pendulum slot is in line with, or slightly 
above, the center line of the core, and when electri- 
cally operated, the pendulum weight strikes the core 
squarely, as gaged visually. 

b. No. 1 contact must have a minimum follow of 
0.010 to 0.015 inch, with the relay energized and the 
pendulum resting against the core, as gaged visually. 
The tension of Nos. 2 and 4 contact springs must be 
7 to 12 grams with the adjusting screws set to give 
a contact separation of 0.004 to 0.008 inch. 

c. Adjust the cycle time to the circuit require- 
ments. The cycle time may be reduced by increasing 
the contact separation to a maximum value of 0.048 
inch with an incidental increase in spring tension. 

d. The angle of the end of a spring may be 
changed if necessary, where it makes contact with 
the buffer of the adjusting screw. The side of the 
contact spring should be tangent to the buffer at the 
point of contact. Both the insulating bumpers on 
No. 3 contact spring must not have tension against 
the reed. Any clearance between either bumper and 
the reed should be barely perceptible. 
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Figure 85. Vibrating-reed timing relay, top view. 
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Figure 86. Type No. 10 a-c relay. 


63. A-c Relays (fig. 86) 


a. Typical a-c relays (Auto Elec type No. 10) 
have a U-shaped laminated core with the magnet coil 
mounted on the lower leg of the core. Copper shad- 
ing rings, to eliminate armature hum or chattering, 
are mounted on the armature end of the coil core. 
The relay has a conventional armature assembly con- 
sisting of the armature, armature yoke, and armature 
bearing pin. The residual gap is fixed, using a brass 
stud. The contact spring assembly is mounted on the 
brass heelpiece. Note that Nos. 1 and 2 terminals in 
the contact assembly are connected to, the coil leads. 
This makes the coil terminals readily accessible when 
testing, unlike the conventional coil terminals used 
on horizontal relays which are reached from the rear. 
Remember this when following the TESTING 
INSTRUCTIONS on the relay adjustment sheet. 


b. In general, the inspection and adjustment pro- 
cedure is similar to that for d-c relays of the 
horizontal type. When it is necessary to test and 
adjust an a-c relay to meet the electrical and contact 
spring gaging requirements, refer to the applicable 
adjustment sheet covering the circuit in which the 
relay is used. 


c. A few differences in specific requirements for 
a-c relays are noted as follows: 

(1) With the armature operated, there must be 
perceptible clearance between the armature 
and the face of the core and heelpiece at 
all points, but this clearance must not ex- 
ceed the clearance caused by the fixed arm- 
ature residual stud. Adjust, if necessary, by 
loosening the armature yoke mounting 
screws (fig. 86) and shifting the yoke. 
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(2) 


(3) 


(4) 


Tighten the screws securely after complet- 
ing the adjustment. At least half of the 
residual surface should appear to be in con- 
tact with the core when the armature is 
fully operated. To adjust, loosen the arm- 
ature yoke mounting screws, adjust the 
armature position, and tighten the screws 
securely. 

When the armature travel (stroke) values 
are specified on the relay adjustment sheet, 
the tolerance is plus or minus 0.002 inch. 
When checking the stroke, place the proper 
thickness gage between the residual stud 
and the core so that the blade will cover the 
core but will not project more than one- 
sixteenth inch beyond the core toward the 
heelpiece. Energize the relay. Adjust the 
armature lever as required with an arm- 
ature bender or long-nosed pliers to meet 
the requirements. 

Check the spring gaging requirements spe- 
cified on the relay adjustment sheet by 
placing the proper thickness gage between 
the residual stud and the core. Energize 
the relay and observe that the contacts make 
or break within the specfied values. Adjust 
the contact springs to meet the require- 
ments. 

In contact spring assemblies having no 
break contacts, the tension of the armature 
springs should be approximately equal. The 
tension of any armature spring against the 
armature bumper, or the preceding arm- 
ature spring, must be a minimum of 10 
grams. 


Section Ill. REPAIR PROCEDURES 


64. Replacement of Parts 


a. GENERAL. Most of the equipment faults occur- 
ring in the dial central office are corrected by ad- 
justments. When parts are damaged or excessively 
worn, or electrical apparatus has failed, make repairs 
or replacements. Use new parts instead of repairing 
old ones, since reliability of the equipment is the 
most important consideration. When new parts are 
not available, old parts may be repaired to keep the 
equipment operating until the parts can be obtained. 
Following are general procedures for repairing the 
switching equipment in dial central offices. Refer to 
TM 11-2108 for repairs to the batteries, and charg- 
ing, ringing, and control equipment. 


(1) Identification of leads. Before removing 
parts, unsolder and tag each wire, and make 
a record of its original position. When 
replacing repaired or new parts in the 
equipment, make sure that wires are re- 
placed in their original position. 

(2) Electrical connections. When replacing 
wiring, cut the new leads to the lengths re- 
quired for proper dressing and for satisfac- 
tory connection. Do not use more solder 
than necessary for a good connection, and 
be careful not to drop solder on other parts. 
Hold the soldering iron on the connection 
to be soldered only long enough to secure 
a good connection. Do not char insulating 
material by applying excessive heat. 


6. Revays. Defective relays that cannot be made 
serviceable by readjustment, by contact burnishing, 
or by performing minor repairs should be replaced. 
Make no attempt to replace any of the contacts in 
the contact pile-up. Relay armatures should rarely 
require replacement. In this case, a repaired part 
may be used. Relay coils may be replaced, but if the 
relay has had long service and shows wear of con- 
tacts, it is best to replace the entire relay. When 
replacing coils, make sure that the new coil 1s identi- 
cal to the one being replaced. The manufacturer’s 
part number, and sometimes the coil resistance, 1S 
stamped on the spoolhead. Do not replace slow- 
acting relay coils having copper slugs (collars) with 
coils not having them, unless it is known that the new 
coil is also designed for slow-acting relays. (Some 
relay coils have copper sleeves on the cores which 
are not visible, and this type of coil 1s frequently 
substituted for the slug-type coil used in slow-acting 


relays.) When replacing relays, unsolder the con- 
nections from the coil and the contact assembly one 
at a time, and carefully tag each wire with its term- 
inal number. Remove the two mounting screws sec- 
uring the relay to the base, replace the relay, and 
carefully solder the wires to the proper terminals. 
Test the operation of each relay, and the equipment 
containing replaced relays, before returning it to 
service. Add the circuit designation letter, that was 
marked on the armature of the old relay, to the new 
relay. Use a lettering kit or any suitable brush, and 
ink or paint the letter clearly on the relay armature. 

c. Meters. Meters are extremely delicate and 
must be handled carefully. Adjustment and repair 
should be made only by qualified personnel. When 
tests indicate the need for meter repair, replace the 
meter or send it to a repair depot. Ammeters are 
calibrated with their associated shunts. When send- 
ing a meter for repair, also remove the shunt from 
the circuit and send it with the meter, in order that 
it can be adjusted accurately. When removing an 
ammeter for minor adjustment, the shunt may be left 
in the circuit to permit temporary operation of the 
equipment. 

d. Resistors. Be careful in disconnecting spool- 
type wire-wound resistors. Excessive heat applied to 
the terminal when soldering may cause permanent 
damage to the resistor. Spool-type resistors are 
usually precision-wound and should be replaced with 
a resistor of the same type and resistance. The re- 
sistors frequently have a letter marked on the outer 
covering, for circuit designation. When installing a 
new resistor, mark it with the same letter noted on 
the replaced resistor. The resistors are mounted by 
means of a screw through the spool center. Some- 
times several resistors are stacked, with one long 
mounting screw for the stack. When replacing one 
of the resistors, remove the mounting screw and un- 
solder the wiring to only the resistor which is being 
replaced. Place the new resistor in the same position 
in the stack previously occupied by the old one. 

e. Capacitors. Test capacitors with a volt-ohm- 
milliammeter, using the HI-OHMS scale. Replace 
any capacitor that shows leakage on test, or that has 
intermittent open circuits. Remove the wires care- 
fully and tag each according to its location. Remove 
the capacitors from the mounting bracket and install 
the new capacitor in the same relative position as the 
old one. Be careful in soldering wires to the term- 
inals, as the capacitor is easily damaged by excessive 
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heat. Mark the new capacitor with the same circuit 
designation letter noted on the old capacitor. 

f. Lever SwitcuHes. Lever switches, usually called 
keys, are mounted to the escutcheon plates by 
four machine screws. To remove a lever switch, un- 
screw the plastic switch handle, and remove the four 
mounting screws. The switch then can be withdrawn 
from the rear of the panel. Frequently the wires 
leading to the switch are long enough to enable the 
switch to be positioned for ready access to the term- 
inals. When installing the new switch, each wire 
may be placed on the proper terminal of the new 
switch as it is removed from the old one. If this can- 
not be done, tag each wire with suitable identification. 

g. Dias. When a dial cannot be made serviceable 
by readjustment, replace it. Remove the dial from its 
mounting by removing the screws from the rim of the 
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mounting and lifting the dial mechanism from the 
mounting. Replacing a dial used in the step-by-step 
dial central office equipment (but not in telephone 
user’s equipment) does not require changing any 
wiring connections. The dial interrupter contact as- 
sembly may be removed from the dial assembly for 
replacement, but local repair of the dial mechanism 
is not recommended. Return defective dials to a re- 


pair depot. 
h. Switch CONNECTORS AND SHELF  Con- 
NECToRS. The connectors mounted on the switch 


shelves are commonly termed shelf jacks and the 
mating connectors on switches are termed szwttch 
jacks. If trouble is experienced with the contacts of 
either type of connector, replace the connector. Tem- 
porary repairs may be made by disassembling a con- 
nector, removing the faulty contacts, and reassemb- 
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Figure 87. Indicator-alarm fuses. 
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ling, making use of the contacts not required for (1) To repair a fuse, use fuse repair kit Auto 
operations of the circuit, for substitution in place of Elec H-14315. This kit contains the nec- 
the faulty contacts. essary fuse wire, and the hard solder and 
1. Fuses. When a fuse has blown, check the cir- special flux required. 
cuit to determine the cause of the fuse failure, and (2) Place the fuse in a vise, using small blocks 
clear any troubles found before replacing the fuse. of wood between the vise jaws and the fuse, 
Wherever feasible, disconnect the power from the or construct a jig of small wood blocks so 
circuit before removing the blown fuse and installing arranged to hold the springs tightly against 
the new one. Power fuses of high rating usually the body of the fuse. 
‘have indicator-alarm fuses associated with them. (3) Use a soldering iron capable of supplying 
After replacing the power fuse, also replace the in- sufficient heat. A 100-watt or 150-watt 
dicator-alarm fuse. electric soldering iron should be satisfac- 
j- REPAIRING INDICATOR-ALARM Fusgs.  Indi- tory. Apply the soldering iron to the 
cator-alarm fuses are used in circuits requiring fuses soldered fuse wire connections. Remove 
of 5-ampere or lower rating, and also as indicator excess solder and the ends of the fuse wire. 
fuses in main power circuits. When the fuse wire (4) Use fuse wire of the proper rating for the 
of an indicator-alarm fuse burns out, its springs fuse being repaired. Pass the wire through 
move apart. One spring contacts the alarm bar or the holes in the springs. Bend about one- 
stud, closing the alarm circuit and actuating the eighth inch of the wire ends over each 
power board alarm bell or buzzer. The other spring spring. Apply a small amount of the special 
of the fuse serves as an indicator to identify the flux. Heat the connection with the solder- 
blown fuse (fig. 87). Indicator-alarm fuses must be ing iron, apply enough solder to make a 
replaced with a fuse of the same rating. The rating good connection, remove the iron when the 
is marked on each fuse. The numeral 3 on the fuse solder has flowed evenly, and allow the 
in figure 87 indicates it is a 3-ampere fuse. Indi- soldered connection to cool enough to 
cator-alarm fuses may be repaired by replacing the harden completely before removing the fuse. 
fuse wire. Cut off the excess ends of the fuse wire. 
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Figure 88. Rotary stepping mechanism of two-motion stepping suntch. 
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65. Two-motion Stepping Switch Repairs 


a. REPLACING PARTS IN THE ROTARY STEPPING 
MECHANISM. 
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(1) Rotary armature bearing pin bracket and 


(2) 


(3) 


bearing pin or armature assembly (fig. 88). 
Lift the end of the rotary armature restor- 
ing spring from the T-head adjusting 
screw. Loosen the lower bearing pin 
bracket screw. Remove the lower bearing 
pin by pulling the pin down through the 
hole in the lower cover plate. Remove the 
bearing bracket. 

Rotary armature assembly. If the armature 
assembly or the upper bearing pin is to be 
replaced, loosen the upper bearing pin 
bracket screw. Push the bearing pin up far 
enough to release the armature. Remove 
the armature. Then push the pin back 
through the hole to free the bearing bracket. 
Remove any protective lubricant from the 
new parts with solvent (SD), and wipe 
dry. Replace the upper bearing pin and 
bracket, pushing the pin through far enough 
to permit the insertion of the armature, and 
replace the armature. Make sure that the 
rotary pawl passes between the rotary pawl 
front stop and pawl guide, and that the arm 
of the armature is in the proper position to 
operate the interrupter springs (if used). 
Replace the lower bearing pin and bracket. 
Insert the ends of the upper and lower pins 
in the holes in the armature. Tighten the 
bracket screws just enough to hold the pins 
in place. Check the position of the armature 
on the rotary backstop screw. If not 
centered, shift the armature and bearing 
pins until centered. Tighten the bearing 
bracket screws securely. Engage the end of 
the armature restoring spring under the 
head of the adjusting screw. Lubricate in 
accordance with lubrication instructions in 
paragraph 21. 

Rotary pawl spring (fig. 89). Unhook the 
closed end of the spring from the retaining 
pin on the armature with a pair of tweezers 
or other suitable tool. Unhook the open 
loop from the pawl. Hook the open loop 
of the new spring in the pawl with the open 
side facing outward. Place the closed loop 
of the spring over the pin on the armature. 
The tension of the new spring should be 
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Figure 89. Rotary pawl and pawl spring. 


sufficient to hold the pawl securely in its 
extreme forward position. 

Rotary pawl and pawl pin. In cases of emer- 
gency when the rotary pawl must be re- 
placed, first remove the rotary armature 
and the rotary pawl spring. Hold the arm- 
ature securely, and file off the flared end 
of the pawl pin (fig. 90). Perform this 
operation carefully in order to avoid de- 
forming the rotary armature assembly. Use 
a punch, with diameter smaller than the 
pawl pin, and a soft-faced hammer. Place 
the punch against the filed end of the pawl 
pin and gently drive it out of the pawl. 
Replace the pawl and pawl pin. Flare the 
end of the new pawl pin. 


Follow the procedure outlined above as an emer- 
gency repair operation only. Preferably replace the entire 
armature assembly, including the defective rotary pawl. 
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Figure 90. Emergency method of replacing defective rotary 


pawl and pawl pin. 


(5) Rotary pawl front stop and adjusting 


screw. Raise the switch shaft to the tenth 
vertical level. Remove the front stop 
mounting screw and the front stop. 
Remove the stop adjusting screw. Insert 
the new stop adjusting screw. Turn the 
screw into the frame approximately three- 
quarters of its length. Mount the new front 
stop and insert the stop mounting screw. 
Tighten the screw only enough to hold the 


stop in place. Adjust the stop to its speci- 
fied position (par. 48) with the stop ad- 
justing screw. When adjustment is com- 
pleted, tighten the mounting screw securely. 

(6) Rotary pawl guide and armature backstop. 
Loosen the locknut holding either the guide 
or the backstop. Unscrew the stop or guide 
and replace with a new stop or guide. Ad- 
just to the proper position (par. 48). 
Tighten the locknut securely when the 
adjustment is completed. 

(7) Rotary interrupter and cam contact spring 
assembly. Unsolder the leads to the spring 
assembly to be replaced. Remove the two 
mounting screws that hold both mounting 
brackets on the switch frame. Replace the 
defective spring assembly. Mount the two 
assemblies by placing the lugs of the cam 
spring assembly mounting bracket over the 
interrupter spring mounting bracket. Line 
both brackets up with the holes in the 
switch frame. Replace the mounting screws 
and tighten securely. Attach the leads to 
the proper terminals and resolder. 

b. REPLACING VERTICAL OR Rotary MAGNET 
Co1Ls. Tag, then unsolder the leads at the coil term- 
inals. Loosen the coil by unscrewing the hexagonal- 


head locking screw, turning it in a counterclockwise 

direction until the coil is free. Remove the coil. 

Place the new coil in position, and locate it so that 

the coil terminals on the spoolhead are in the same 

position as were those of the removed coil. Insert 

the locking screw into the threaded hole in the mag- 

net core. Tighten by turning 1n a clockwise direction. 

Make sure that the heelpiece is in its proper position, 

then tighten the locking screw firmly. Fasten the 
leads to the coil terminals and solder securely. 

c. REPLACING PARTS IN RELEASE MECHANISM. 

(1) Release magnet. Tag, then unsolder the 

leads connected to the terminals of the mag- 

net coil. Lift the release armature from 

the lugs in the magnet bracket. Remove 

the release magnet mounting screw and 

withdraw the magnet from the right-hand 

side of the switch. Place the new magnet 

in position, with the terminals on the spool- 

head pointing toward the rear of the switch. 

Insert the magnet mounting screw and 

tighten securely. Attach the leads to the 

magnet coil terminals and resolder. Replace 

the release armature on the lugs on the 

mounting bracket. 
(2) Release link. Remove the release link 
screw. Lift the end of the link off the lug 
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Figure 91. Release mechansm of two-motion stepping switch. 
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on the double detent and withdraw the link. 
Place the new link in position with the slot 
in the end hooked over the lug on the 
double detent. Replace the link mounting 
screw. Adjust the position of the link and 
tighten the screw. 


d. REPLACING DouBLE DETENT, SPRING, BEARING 
Pin BRACKET, OR BEARING Pin. Remove the detent 
spring mounting screw and the detent spring. Lift 
the release link off the lug on the double detent. 
Loosen the bearing pin bracket setscrew. Slide the 
bearing pin upward until the bracket and the double 
detent can be removed. Replace the detent and the 
pin, if necessary. Slide the pin down through the 
detent and bearing pin bracket, and enter it in the 
hole in the switch frame. Tighten the bracket set- 
screw just enough to hold the bearing pin in place. 
Adjust the position of the detent, then tighten the 
bearing bracket setscrew securely. Replace the detent 
spring and spring mounting screw. Aline the spring 
with the center line of the switch shaft and tighten 
the mounting screw. 

e. REPLACING ParRTS IN VERTICAL STEPPING 
MECHANISM. 


oe Vertical armature assembly (fig. 22). Re- 
lease the tension from the double detent 
spring (figs. 22 and 91). Loosen the detent 
bearing pin bracket and remove the pin. 
Remove the double detent. Remove the end 
of the vertical armature restoring spring 
from the spring adjusting screw, and swing 
the spring away from the screw. Loosen 
the vertical armature bearing pin bracket. 
Push the armature pin toward the left side 
of the switch, and remove the pin com- 
pletely. Drop the rear end of the armature 
far enough to clear the switch frame. Re- 
move the armature from the right side of 
the switch. Clean all protective lubricant 
from the new armature with solvent (SD), 
and wipe dry. Place the new armature in 
position by reversing the removal proce- 
dure. Insert the pin from the left side of 
the switch. Line up the armature with the 
right hand while pushing in the pin. Push 
the pin through until the end is flush with 
the bracket. Tighten the bracket. Replace 
the double detent and tighten the double 
detent spring ‘screw. Swing the armature 
restoring spring so that the end will engage 
the adjusting screw. Lubricate in accord- 
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(2) 


(3) 






ance with lubrication instructions in para- 
graph 21. 

Vertical armature bearing pin bracket and 
bearing pin. Loosen the bearing pin bracket 
screw. Remove the end of the vertical arm- 
ature restoring spring from the head of the 
adjusting screw. Swing the spring to the 
right until it clears the adjusting screw. 
Push the bearing pin toward the left side 
of the switch until it clears the bearing pin 
bracket. Replace the bracket. If the pin is 
to be replaced push until it clears the switch 
frame. If the pin is tight, drive it out with 
a light hammer and a pin punch. Insert the 
new pin from the left side of the switch. 
Push the pin through the armature and the 
bracket until the end 1s flush with the edge 
of the bracket. Check the armature for side 
play, then tighten the bracket. Replace the 
armature restoring spring under the head 


of the adjusting screw. 


Vertical pawl spring. Loosen the double 
detent bearing pin bracket screw. Release 
the tension of the double detent spring. 
Raise the detent shaft until the detent is 
free. Remove the detent. Unhook the pawl 
spring from the pin in the vertical armature 
and the hole in the vertical pawl. Hook. 
the open end of the new spring in the pawl 
so that the open end faces toward the 
detent. Place the closed end of the pawl 
spring over the pin. Raise the vertical arma- 
ture. The tension of the new spring should 
pull the pawl into its extreme forward posi- 
tion. Replace the double detent. Slide the 
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Figure 93. Vertical pawl and pawl pin. 


detent pin down until it enters the hole in 
the switch frame. Adjust the bearing for 
detent and play, then tighten the bearing pin 
bracket screw. Tighten the detent spring 
retaining screw. 

Vertical pawl and pawl pin. When the 
vertical pawl or the pawl pin must be re- 
placed, remove the vertical armature. Hold 
the armature securely, and file off the flared 
end of the pawl pin (fig. 93). Use a punch 
with a point smaller in diameter than the 
pawl pin, and a soft-faced hammer. Place 
the point of the punch against the filed end 
of the pin, and carefully drive the pin out 
of the holes in the pawl. Install the new 
pawl and pin. 

Vertical off-normal spring assembly. Un- 
solder the leads to the spring terminals. 
Raise the switch shaft to the tenth vertical 
level. Using an offset screw driver, remove 
the two screws holding the spring assembly 
mounting bracket to the switch frame. Re- 
move the bracket and spring assembly. 
Place the new assembly and bracket in 
position and insert the screws. Tighten the 
screws securely. Attach the leads to the 
proper terminals and resolder. Restore the 
switch shaft to its normal position. Make 
sure that the new contact assembly makes 
and breaks as required. 


f. REPLACING SwITcH SHAFT AND ASSOCIATED 
PARTS. 


(1) Heltcal-type shaft spring and. associated 


parts. To replace the shaft spring, turn the 
spring cap by hand in a clockwise direction. 
Then lift the cap so that the spring terminal 
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Figure 94. Helical-type shaft spring, normal post contacts, 


(2) 


(3) 


and cam. 


is free of the slot in the shaft extension 
sleeve. Unwind the spring slowly. Disen- 
gage the lower loop of the spring from the 
lug on the shaft spring bracket and remove 
the spring by lifting it off the shaft exten- 
sion sleeve. Lubricate the switch shaft as 
covered in the lubrication instructions in 
paragraph 21. Place the new spring over 
the shaft extension sleeve. Engage the 
lower loop of the spring with the lug on 
the shaft spring bracket. Turn the shaft 
spring cap by hand in a clockwise direction 
one to 114 turns, until the spring end en- 
gages the bayonet slots in the shaft exten- 
sion sleeve. 

Shaft spring bracket. To replace the shaft 
spring bracket, first remove the normal post 
contact assembly from switches so equipped, 
by loosening the setscrew and lifting the 
assembly from the normal post. Then re- 
move the shaft spring. Remove the shaft 
spring bracket by lifting it upward until it 
is free of both the shaft extension sleeve 
and the normal post. Guide the new shaft 
spring bracket into position with its bearing 
over the shaft extension sleeve and the rear 
of the shaft spring bracket encircling the 
normal post. Observe that the normal pin 
stop is between the normal post and the 
normal pin, and replace the shaft spring. 
Normal pin. Before replacing the normal 
pin remove the helical-type shaft spring. 
Loosen the normal pin clamp screw and 
withdraw the normal pin. Turn the shaft 
extension sleeve so that the key slot in the 
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(4) 


(5) 


sleeve coincides with the slot in the switch 
shaft. Locate the normal pin bracket screw 
opposite the slots in the shaft and sleeve. 
Insert the normal pin in the normal pin 
bracket so that the pin engages the slots in 
both the shaft and the sleeve. Turn the 
normal pin bracket screw until the point of 
the screw touches the normal pin. Check 
to be sure that the normal pin engages the 
slot in both the shaft and the shaft exten- 
sion sleeve. The movement of the sleeve 
should be limited by the normal pin. If the 
pin engages the slot in the extension sleeve 
only, the extension sleeve will be free to 
turn on the switch shaft. Tighten the clamp 
screw carefully, so that the screw does not 
shear, or the shaft does not bend. Replace 
the shaft spring in its original position (fig. 
94). 

Normal pin bracket and shaft extension 
sleeve. Remove the helical-type shaft spring, 
then lift the shaft spring bracket until it 
clears the shaft extension sleeve. Turn the 
bracket on the normal post so that it will 
not interfere with the removal of the normal 
pin bracket. Remove the normal pin and 
then lift the normal pin bracket and the 
shaft extension sleeve from the switch shaft. 
Replace the shaft extension sleeve on the 
switch shaft. Place the new normal pin 
bracket over the shaft extension sleeve and 
then tighten the normal pin in_ position, 
observing that the normal pin bracket 
strikes the upper shaft bearing squarely. If 
the normal pin clamp strikes the upper 
shaft bearing on one side instead of squarely, 
turn the normal pin bracket so that the 
surface formerly adjacent to the shaft spring 
bracket is adjacent to the upper shaft bear- 
ing. If the normal pin bracket still fails 
to strike squarely, use another normal pin 
bracket that does strike squarely. Tighten 
the normal pin bracket screw carefully. Re- 
place the shaft spring bracket and _ shaft 
spring in the original position. 

Normal post contact assembly. Unsolder 
the leads connected to the normal post con- 
tact springs. Loosen the setscrew holding 
the normal post contact assembly bracket 
to the normal post and lift the assembly 
from the top of the normal post (fig. 94). 
In certain cases where there are left and 


(6) 


(7 


— 
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right normal post contact assemblies, it will 
be necessary, in order to replace the right 
assembly, to remove the left assembly first. 
Place the new contact assembly in position. 
Adjust it so that the contact springs operate 
properly. Solder the leads to the terminals. 
Normal post cam. To replace the normal 
post cam, first remove the normal post con- 
tact spring assembly. Remove the shaft 
spring and shaft spring bracket. The nor- 
mal post cam can then be removed from 
the shaft spring bracket. Place the new 
normal post cam on the shaft spring 
bracket. In certain cases it may be neces- 
sary to pry apart the sides of the normal 
post cam slightly so that it fits over the 
normal post. Mount the shaft spring 
bracket, at the same time guiding the lugs 
on the upper part of the normal post cam 
onto the normal post. Mount the shaft 
spring bracket and remount the normal post 
spring assembly (fig. 94). Adjust the teeth 
on the new cam to conform with the re- 
quirements. These requirements will usually 
be the same as on the old cam. 

Upper shaft bearing and oil wicks. Remove 
the shaft spring assembly, brackets, and 
associated parts. Loosen the double detent 
spring mounting screw and swing the 
spring toward the front of the switch so 
that it disengages. Remove the two mount- 
ing screws from the upper shaft bearing 
and remove the bearing together with the 
spring, felt washers, and washer holder 
from the top of the shaft. Replace these 
parts at this time, if necessary. If the felt 
washer oil wicks are replaced, apply 3 dips’ 
of oil to each of the wicks after they have 
been installed. Use either brush TL-—72 or 
a No. 6% round brush (Signal Corps stock 
No. 6Z1413) to apply the oil. Reassemble 
the parts. Loosen the lower bearing mount- 
ing screws and shift the shaft as far to the 
rear of the switch as the holes in the bear- 
ings permit. Tighten the bearing mounting 
screws securely. 

Cam collar. Remove the screws from the 
cam collar, using the 3-inch cabinet screw 
driver. Place the point of the screw driver 
between the two clamping surfaces of the 
cam collar. Spread the cam collar open 
until it can be removed from the shaft. 


Spread the new cam collar in the same 
manner and place the new collar in posi- 
tion on the shaft. Squeeze the cam collar 
together with the long-nose pliers and re- 
place the cam and the cam clamp plate. 
Adjust the cam to its proper position for 
operating the cam springs and tighten the 
clamping screws securely. 

(9) Shaft. Remove the shaft spring assembly 
and upper shaft bearing. Loosen the set- 
screw in the wiper hubs. Remove the bank 
contact wipers from the shaft. Remove the 
two mounting screws from the lower shaft 
bearing with the 3-inch cabinet screw driver 
and remove the oil wicks and holder from 
the lower end of the shaft. In some cases 
it may be necessary to loosen the two screws 
holding the lower plate to the switch frame 
to permit the lower shaft bearing to be 
moved forward. Hold the top of the shaft 
between the thumb and forefinger and grasp 
the lower part of the shaft at the point just 
below the lower plate. Exert a slight pres- 
sure toward the front of the switch in order 
to move the lower shaft bearing far enough 
to permit the removal of the shaft. If the 
shaft is equipped with a cam, remove the 
cam from the old shaft and mount it on the 
new shaft. Use a new lower shaft bearing 
where necessary. Place the lower shaft 
bearing in its position between the frame 
and the lower cover plate. Insert the shaft 
through the bearing and the lower cover 
plate from above. Place the oil wick and 
holder on the shaft from below and_ par- 
tially tighten the bearing mounting screws. 
Replace the upper shaft bearing, the normal 
pin clamp, normal pin, shaft spring bracket 
and shaft spring on the switch, using new 
parts where necessary. Press the shaft as 
far toward the rear of the switch as the 
holes in the shaft bearings permit and 
tighten the bearing mounting screws se- 
curely. Replace the bank contact wipers on 
the shaft. 


66. Repairs to Wiper Cords and Wipers (figs. 
95, 96, 97, and 98) 

a. WiPER Corps. When wiper cords are to be 
replaced, unsolder the cord terminals from the 
terminal and test jack block and from the wiper 
terminals. Remove the surplus solder from the ter- 
minals. Do not apply excessive heat when unsolder- 


ing; excessive heat will damage the parts. Do not 
unsolder the leads of any wipers that are not being 
replaced. When installing new wiper cords, make 
sure each wiper is connected to the proper terminal. 
Figure 95 shows wipers and wiper cord terminal 
arrangement on switches equipped with three bank 
contact wipers and a vertical commutator and wiper. 
igure 96 shows wiper cord terminal arrangement 
for switches having three bank contact wipers and 
no vertical wiper and commutator. On switches 
having only two wipers, the numbering is the same 
as for the first two wipers in figures 95 and 96. 

(1) When installing a wiper cord, push the cord 
tip over the terminal on the test terminal 
board, first making sure that the insulating 
tubing is in place on the longest terminals 
(fig. 97). Carefully solder the terminals, 
taking care not to use excess solder; be 
sure that the terminals are not short-cir- 
cuited. 

(2) Connect wiper cords to wipers having cord 
holders as shown in A of figure 98. Con- 
nect wiper cords to wipers that do not have 
cord holders as shown in B of figure 98. 
Note that the cords are turned at a slight . 
angle inward, with a minimum spacing be- 
tween terminals of one-fourth inch. Solder 
the terminals carefully. 

(3) When installing the wiper cords on switches 
equipped with vertical wipers and cord 
holders, pass the new cords through the 
cord holders. Dress and tie the cords as 
shown in figure 95. 

(4) Dress and tie cords for switches not having 
vertical wipers as shown in figure 96. Do 
not tie the cord for the upper wiper unless 
it has excess slack. On switches having 
only two wipers and three wiper cords, it 
is not necessary to tie the cords. 

(5) Make sure that the cords do not become 
twisted or kinked. Try the switch shaft at 
the first and tenth vertical levels and all 
rotary positions to determine that the cords 
have sufficient slack and do not catch on 
or interfere with the vertical commutator, 
when used. 

b. Wipers. When replacing bank contact wipers, 
unsolder the wiper cord tips from the wiper and 
loosen the wiper setscrew. If it is necessary to 
remove any other wipers from the shaft in order to 
remove the wiper being replaced, do not unsolder 
the wiper cords from the other wipers. 
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TEST JACK BLOCK 
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— 4 
SWITCH = 5 5 

—a——$7 
SHAFT = 


DH 


TIE CORO HERE 


BANK CONTACT 
WIPERS 


SEE WIPER 


TERMINAL DETAIL 


TM 2103-114 


Figure 95. Bank wiper and vertical wiper cords, method of connection. 
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Figure 96. Bank wiper cord arrangement when.no vertical Figure 97. Wiper cord connections at terminal and test 
wiper is used. jack block. 
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WIPER 
SPRING 


WIPER WITH CORD HOLDER A 


SECURE TIPS AT 
A SLIGHT ANGLE 





WIPER WITHOUT CORD HOLDER B 


TM 2103-117 
Figure 98. Wiper cord connections. 


(1) When the wipers are removed, clean the 


(2) 


bank contacts (par. 14). Install the new 
wiper with the hub in the same position as 
the wiper that is replaced. Operate the 
switch to the first vertical level and the first 
rotary position. Line up the wipers care- 
fully, and tighten the setscrews. 

Always replace wipers with the same type 
of wiper originally used on the switch. If 
only one type of bank wiper is to be stocked 
for replacement, use the wiper equipped 


with cord guide or holder, since it can be 
used in place of wipers not requiring cord 
guides. : 
When wipers having cord guides are not 
available for replacement on switches hav- 
ing vertical wiper and commutator, wipers 
without guides may be used only for emerg- 
ency repairs. In this case, wrap one turn 
of friction tape around the cords adjacent 
to the wipers. Tie the cords to the wiper 
terminals with linen lacing twine. 


(3) 


67. Operating Requirements 


After repairing switches, test with the stepping- 
switch test set or the test telephone handset. Adjust 
the vertical and rotary armature, if necessary, until 
the switch operates smoothly. Do not increase the 
tension of the magnet armature restoring springs 
more than is necessary. Tension less than 450 grams 
usually provides best operation. 

a. If the switch does not perform its vertical and 


-rotary stepping properly, recheck the adjustments in 


accordance with paragraphs 46 through 48. If the 
switch does not perform properly when adjustments 
are correct, check the vertical and rotary magnet 
coils, the interrupter contacts, and relays. Readyjust 
relays if necessary. 

b. If the switch shaft rebounds, after it returns to 
vertical normal, sufficiently to permit the vertical off- 
normal springs to operate and cause circuit trouble, 
it may be due to the normal pin bracket not striking 
the upper shaft bearing squarely. If the normal pin 
bracket strikes the upper shaft bearing on one side 
instead of squarely, remove the shaft spring assembly 
and the normal pin. Reverse the normal pin bracket 
on the switch shaft so that the surface of the bracket 
formerly adjacent to the shaft spring bracket is ad- 
jacent to the upper shaft bearing. Reassemble the 
normal pin in the normal pin bracket, tighten the 
normal pin clamp screw, and observe whether the 
bracket strikes the upper bearing squarely. If it does 
not, replace the bracket with one that does strike the 
bearing squarely. After this is done, reassemble the 
shaft spring and its associated parts on the switch 
shaft and readjust the shaft spring and the normal 
pin to meet requirements. 

c. Check to make sure that the adjustment of the 
stationary detent has not been disturbed in reversing 
the normal pin bracket. The 0.004-inch clearance 
between the front side of the stationary detent and 
the teeth of the vertical ratchet can be used as a 
visual check. 
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APPENDIX | 
REFERENCES 


Note. For availability of items listed, check SR 310-20-3 for field manuals, training circulars, training aids, Army train- 


ing programs, JANAP’s, tables of organization and equipments, tables of allowances, and tables of basic allowances. 
SR 310-20-4 for technical manuals, technical bulletins, supply bulletins, modification work orders, and changes. 


Department of the Army Catalog SIG 1 for Signal Corps supply catalogs. 


1. Other Technical Manuals on Step-by-Step 
Dial Central Office Equipment 


T™M 


TM 


T™™ 


TM 


TM 


TM 


TM 


TM 


TM 


TM 


TM 


11-2100 


11-2102 


11-2104 


11-2105 


11-2106 


11-2107 


11-2108 


11-2109 


11-2110 


11-2111 


11-2112 


Fundamentals (Step-by-Step 
Dial Central Office Equip- 
ment). 

Installation Instructions 
(Step-by-Step Dial Central 
Office Equipment). 

Linefinder Equipment (Step- 
by-Step Dial Central Office 
Equipment). 

Selectors and Connectors 
(Step-by-Step Dial Central 
Office Equipment). 

Miscellaneous Switching 
Equipment (Step-by-Step 
Dial Central Office Equip- 
ment). 

Attendant’s Switchboard 
(Step-by-Step Dial Central 
Office Equipment). 

Power, Ringing, and Super- 
visory Equipment (Step-by- 
Step Dial Central Office 
Equipment ). 

Distributing Frames and Line 
and Trunk Assignments 
(Step-by-Step Dial Central 
Office Equipment). 

Test Desk Equipment and 
Technique (Step - by - Step 
Dial Central Office Equip- 
ment). 

Tools, Testing Equipment, and 
Common Supplies (Step-by- 
Step Dial Central Office 
Equipment). 

Current-Flow Test Set (Step- 
by-Step Dial Central Office 
Equipment). 


TM 11-2113 


TM 11-2114 


TM 11-2115 


Check 
Check 


Connector Routine Test Set 
(Step-by-Step Dial Central 
Office Equipment). 

Stepping-Switch Test Set 
(Step-by-Step Dial Central 
Office Equipment). 

Crash and Conference Equip- 
ment (Step-by-Step Dial 
Central Office Equipment). 


2. Supply Publications 


SIG 1 
SIG 3 
SIG 4-2 


SIG 6-ME-10 


SIG 6-TE-49 
SIG 6-TE-111 
SIG 6-TE-112 
SB 11-76 


TM 11-346 
TM 
TM 
TM 
TM 
TM 
TM 


11-2017 
11-2019 
11-2036 
11-2050 
11-2057 
11-2062 


TM 11-2613 


Introduction and Index. 

List of Items for Troop Issue. 

Allowances of Expendable 
Supplies of Tactical Organ- 
ization, Training Centers, 
Boards, and Fixed Installa- 
tions. 

Maintenance Equipment ME- 
10. 

Tool Equipment TE—49. 

Tool Equipment TE-111. 

Tool Equipment TE-112. 

Signal Corps Kit and Ma- 
terials for Moisture- and 
Fungi-Resistant Treatment. 


3. Technical Manuals on Test Equipment 


Test Sets I-61-A, I-61-B, 
and I-61-C. 

Test Set TS-—26/TSM. 

Test Set I-49. 

Test Set I-181. 

Test Set I-48-B. 

Test Set TS-27/TSM. 


Test Set I-142 and Test Set 
J-142~A (Telephone). 


Voltmeter I-166. 
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4. Technical Publications on Theory, Mainte- 
nance, and Repair 


TB SIG 25 
TB SIG 66 
TB SIG 72 
TB SIG 75 


TB SIG 123 


TM 11-457 
TM 11-458 


TM 11-468 
TM 11-473 


TM 11-475 


TM 11-487 
TM 11-498 
TM 11-676 
TM 11-757 


TM 11-4302 


TM 11-4700 


Preventive Maintenance of 
Power Cords. 

Winter Maintenance of Signal 
Equipment. 
Tropical Maintenance of 
Ground Signal Equipment. 
Desert Maintenance of Ground 
Signal Equipment. 

Preventive Maintenance Prac- 
tices for Ground Signal 
Equipment. 

Local Battery Telephone 
Equipment. 

Common Battery Telephone 


Equipment. 
Substation Maintenance. 
Central Office Maintenance 
(Manual). 


Principles of Long Distance 
Telephone and Telegraph 
Transmission. 

Electrical Communication Sys- 

. tems Equipment. 

Fundamentals of Telephony 
and Manual Telegraphy. 

Grounding Procedure and Pro- 
tective Devices. 

Principles of Line Fault Lo- 
cation. 

Tactical Switchboards and 
Long Lines Equipment— 
Repair Instructions, Appar- 
atus Requirements. 

Electrical Indicating Instru- 
ments and Test Sets, Repair 
Instructions. 


5. Painting, Preserving, and Lubrication 
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TB SIG 13 


TB SIG 69 


Moistureproofing and Fungi- 
proofing Signal Corps 
Equipment. 

Lubrication of Ground Signal 
Equipment. 


6. Packaging and Packing Instructions 


a. JoINT ArMyY-Navy PacKaGING SPECIFICA- 
TIONS. 


JAN-—D-169 Desiccants, Activated. 

JAN-P-100 General Specification. 

JAN—P-106A Boxes, Wood, Nailed. 

JAN-—P-116 Preservation, Methods of. 

JAN-P-125 Barrier Materials, Waterproof, 
Flexible. 

JAN-P-131 Barrier Material, Moisture- 


Vaporproof, Flexible. 


. U. S. Army SPECIFICATIONS. 


100-2 Marking Shipments by Con- 
tractors (and Signal Corps 


Supplements thereto). 


c. SIGNAL Corps INSTRUCTIONS. 


720-7 
726-15 


Standard Pack. 
Interior Marking. 


7. Decontamination 


TM 3-220 


Decéntamination. 


8. Demolition 


FM 5-25 Explosives and Demolitions. 


9. Forms 


DA AGO Form 11-23, Telephone Trouble 
Report. 


DA AGO Form 11-24, Weekly Storage Bat- 
tery Report. 


WD AGO Form 11-145, Line Record Card. 

WD AGO Form 11-146, Cable Record. 

WD AGO Form 11-147, Cable Work Sheet. 

DA AGO Form 11-206, Daily Trouble Record. 

DA AGO Form 11-207, Routine Progress 
Record. 

DA AGO Form 11-208, Connector Terminal 
Record. 

DA AGO Form 11-209, Linefinder Terminal 
Record 11 to 00 (Card 1). 

DA AGO Form 11-209-1, Linefinder Terminal 
Record 111 to 100 (Card 2). 


APPENDIX Il 
GLOSSARY OF ABBREVIATIONS 


Note. Prefixes and suffixes identifying manufacturer’s drawings are listed in paragraph 37; a list of authorized abbre- 
viations used in recording trouble is given in paragraph 38. 





Abbodreg. Definition Abbrev. Definition 
AG, seheadiaeee alternating current (noun) Ne au lcseoees figure 
AC ad inae dee alternating-current (adjective) I ashi Gowwacts foot 
BOY pa ceraeeret .adjusting, adjustment Cali atta caso gallon 
aMNS: siausand alarm CON" 2caeicus generator, general 
AMD: «2606-08 ampere PNG. sauceuses ground 
ANS: -cseseanacens . answer prav** ....... gravity 
AMM... 2 sataikeds armature . BID: sdewe uees group 
assem ....... assembly BM ste ekg As horizontal 
AUO;- axeiaen automatic NEXs sec.cdsaes hexagon 
Auto Elec ...Automatic Electric Company ich eee ore hold-up 
BAT, bat. ...battery HV*,hv..... high voltage 
Bde amsnveeues board MDE. gaoswiaus intermediate distributing frame 
bkdn* ...... » breakdown it tec uene inch 
bldg ....... . building INS” pu eaaos insulate, insulation 
DSy* ke sexes busy insp* ........ inspector’s 
Cap. a.ceehees capacitor WISE’ 4oGa% 208 installer 
CB? sedans common battery ING? orate ates interrupted, interrupter 
CDF 43-536234 combined distributing frame JAN | cisarauce% Joint Army and Navy 
CNO™ Scioscia charge Bebe aea tacts line 
CLE ederb chases cleared ID. O22 sata pound 
Cht sc dsinoas circuit ES  gattiinlyiots lower bank 
comb, ....... combined IE. wakeeewds linefinder (2-motion stepping switch) 
conf ........ . conference LOC 5 Suvesiont a's local 
COMM na iiuiauae connector (2-motion stepping switch) LV* ........ low voltage 
CONT?’ ox agenes control MA, ma..... milliampere 
SK ts eisiacdpccsous countersunk man. ........ manual 
DEO ceca ananecnes desk 7 MAX acsca eee maximum 
OG aivig teats direct current (noun) MDF es ¢see¢ main distributing frame 
OAC: cesaivin tected direct-current (adjective) MP Mt oss microfarad 
Cian: nate cas diameter TER Scena manufacturer 
dittie-c.cielens dimension IG oe cnsciice ere motor generator | 
disch* ....... discharge MGFA* ..... motor-generator fuse alarm 
GISt siceceoree ean distributor (rotary stepping MEU hoon tes magnet 
switch) ; distributing AU pera esis minimum 
DT amie eaees dial tone MOG” ois awed model 
BOW sii cca. aids end-cell voltage MON? ee cadan monitoring 
equip. ....... equipment Mt 4 tock. andes. s mounted 
exch* ...... . exchange MUP 6s scares mounting 
exten** ..... extension mult** ...... multiple 
DP se ar eta . Fahrenheit NES™ . siapeday aa negative 
DAE oie seae fuse alarm N OPR* ....nonoperate 


* Used only on manufacturer’s drawings, specifications, etc. 
** Used only on old forms and records. 
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Abbrev. Definition 
NOW: 23624 eas nonoperate 
NGOs. 3cneceeee number 
NOL: 23.44 coed normal 
OF Ae xaee operate 
OPR® cicada operate 
OPl apcuieaiice ws operator 
OZ: Bee sate ounce 
Dale. sealant sews paragraph 
PBX: xeovtans Private Branch Exchange 
POY Aiaweiiass piece 
Perm”: andes permanent 
DIG Gees plate 
PM. c.2acciae preventive maintenance 
POS: si aeesees positive 
POS: 3s4:0e iden position 
Dil 2325054088 primary 
Ret octeetake resistance 
RB T*)ysscees ring-back 
RCTS erucparhoa reverting-call 
ROO® ec52.43 ring cut-off 
COVE Sere receiver 
readj ........ readjust 
FECt chad jdde rectifier 
ae ee eae regular 
rept*, reptr ..repeater 
ROS Sakis. resistance 
resid* ....... residual 
TeStOr vc¢ss4 restoring , 
FOV" vecece cee reverting, reverse 
rheo* ........ rheostat 
TIS eet icens release 
Ty Snce een tees relay 
MPS a5 dog eas ringing machine 
TPG 24seseb< reported 
1 a ee release trunk 
TY eerie cats race rotary 
EVO 2feaus wut relay 
A ck ti Gaede slow-acting 


* Used only on manufacturer's drawings, specifications, etc. 


** Used only on old forms and records. 
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Abbrecg. 


SCP, tees 


OW ig Yideep ee 


term. ...... 
thkness .... 


ee 


TS. ghana 


Definition 
.. Society of Automotive Engineers 
.. Signal Corps 
.. signal 
.. signal Corps 
. .second 
..selector (2-motion stepping switch) 
.. specific gravity 
. .slow-operate 
. . specification 
.. specific 
.. spring 
. . special 
. . standard 


... Start signal 


.. subscriber 
. . supervisory 
.. switch 


.. temperature 
. .telephone 

.. temperature 
. terminal 

.. thickness 
..telephone 

. transmission 


.. Wheatstone Bridge 

.. winding 

.. Western Electric Company 
.. wall 

.. transmission 

. transmitter 


INDEX 





Paragraph 
Abbreviations, glossary ......... app II 
Adjustment sheets: 

Relay 22026 ssieseos aeeeise 377, 58 

Standard: :sco4546cdaceuress 37k 
Adjustments 

(See Specific equipments). 
Air conditioning ............... 9d 
AAT PADS ade sas Heres e dace 56¢(3), 59a(2), 
/ (3), 608, ¢ 
Alarms: 

CDP aih eee iraiieween ses 30f 

Delayed) cccoxsceieiateewens 30e 

End-cell ...............0005 30¢ 

POSO ees 34 serie be ere wee 30a 

HIGAtSCOlL: Sc ww daedeaceeadan 30f 

Protector .............000- 30f 

Rectifier’. 225s 5ieees ie eens 3c 

Ringing machine ........... 30d 

Supervisory signal lamps ... 30g 

VOltame cash ieo es Olas sea on 306 
Bases, equipment ............... 55d 
Batteries: 

Preventive maintenance .... ll 

Weekly storage battery re- 

POLt: iasivetovaweeasoues 38f 
Busying switch ................ 55b 
Cable from color code ......... 37f 
Cable record ...........0.ceees 385 
CapacitOrs | siveehaacsaseianseess 64e 
Cascading (linefinders) ........ 43¢(5) 
CDF alarm ....... mites Seales 30f 
Circuits (See also Specific 

equipments) : 

Explanation sheets ........ 371 

Schematics ................ 37h 
Cleaning (See Specific equip- 

ments ). 
Color code, cable form and ter- 

minal board ................. 37f 
Commutator cleaning tool ...... 10a(2) 
Connectors : 

Terminal record ........... 38g 

Operating tests ............ 32 

Permanents and off-normals. 43e 
Contact (See Relays) : 

Burnisher ............0e08 57c,a@ 
Covers, equipment ............. 55d 
Daily trouble record ........... 38; 
Delayed alarm ................. 30e 
Diagrams (See Drawings). 

Dial: 

Adjustment ................ 53 

Lubrication: s.ces0% decisive 24 

Replacement ............... 64g 


Page 
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29, 74 
29 
6 


71, 83, 85 


73,74 
70 


31 
21 


63 
16 


Paragraph 
Distributing frames ........... 12 
Drawings: 
Central Office .............  - 37e 
Circuit schematics ......... 37h 
Component assembly ....... 37d 
Maintenance .............4. 37e 
POWEE <6 gue seated soa eal eas 37¢ 
Wiring diagram ........... 37g 
End-cells : 
PSE ecoee eect eewews 30¢ 
Rectinefs. 2645.3 es teeediaces 10c 
Equipment bases and covers .... 55d 
Faults, classification ........... 42 
Frames, distributing ............ 12 
Forms and records ............- 3, 38 
Fuses: 
Alatin 204.3304 ce eiewieses 30a 
Repair and replacement .... 641,75 
Gaging (See Relay adjustment). 
Heat-coil alarm ............... 30f 
Heating : ntsc a sacaveasereees 9e, 36f 
Heelpiece air gap ........ 56c (2), 59a(3), 606 
Hitmidity: s.cnhdoivadsevencees 9c 
Inspection (See Specific equip- 
ments). 
Insulation resistance tests ....... 30 
Interoffice trunk operating tests . 35 
Interrupter circuit test ......... 29b 
Jacks: 
elf atk scald eared eects 55c, 64h 
SWUCH 446 cia eesteouany 64h 
Switchboard ............... 54c 
OSU: 053s ec eeioraaade ee 55a 
Lamps: 
Supervisory lamps and panels 39g, 43c, d, e 
TVOSb, che dwcniadaaees eed er 43a 
Lever switches ............... on 54a, 64f 
Line record card ............-. 38c,d,¢ 
Linefinders : 
Terminal record ........... 38h 
Operating tests ............ 31 
Troubles ..............000- 43¢ 
Lubricants ............0ceeeeee 20 
Lubrication: 
Dial:..¢.esete te cuter swawtecee 24 
Motor generator ........... 26 
Relays. jiccaesnesaasenesas 27 
Ringing machine .......... 25 
Minor switch .............. 23 
Stepping switches, 25-point 
FOUALY <a ss oe cae celen see 22 
Stepping switches, 2-motion . 21 


Page 


1, 29 


20 
95 


21 

6 

71, 83, 85 
5 


25 
25 
20 


69, 94 
94 
68 
69 


21, 37, 39, 40 
36 

67, 94 

29, 30 


31 
22 
37 
11 


Machine, ringing (Sce Ringing 
machine). 
Maintenance materials .......... 
Maintenance, preventive (See also 
Specific equipments) : 
CheeKNSO tccaads biaodateas 
Meaning ...... ether ene 
Procedures: 6460 <446s0a0s4% 
Materials, maintenance ......... 
MClOPS cist dee enecan eae eos ce 
Method of operation ........... 
Minor switches: 
Adjustment ..........000 00: 
Inspection and cleaning ..... 
Lubrication ................ 
Motor generator: 
Inspection and cleaning ..... 
Lubrication ................ 


Numbering plans ........ sreteate 
Numbers, test ................-. 


Operation, method of .......... 


Panels, lamp ................ . 
Party WnéS. ¢.¢2sesees das deta 
Power: 

TOA. Batted ot Big eoe es ee 

Panutescaycsckanyayecsuskoe 
Preventive maintenance (See 

Maintenance, preventive). 

Protector alarm ................ 
Pulse repeater operating tests ... 
Push-type switches ............. 


Receiver, test ..............0.00. 
Records : 
Cable: cache noun tg ete outs 
Central office .............. 
Connector terminal ........ 
Daily trouble .............. 
Line record card ........... 
Linefinder terminal ........ 
Routine progress ........... 
Trouble report ............ 
Weekly storage battery report 
Rectifier, end-cell: 
PATA 026 cere caee cle ttedicn dh denies 
Inspection and cleaning ..... 
References aviiiisdadsdde desde 
Relays: 
Adjustment ...............- 
Adjustment sheets ......... 
PROC Roa a deta ars eee trenkun panes 
Coil terminal arrangement .. 
Contact alinement .......... 
Contact cleaning ........... 
Contact numbering ......... 
GiOUD! dah tescestonsche Pies 
Horizontal-type (general) .. 
Inspection and cleaning ..... 
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Paragraph 


52 
17 
23 


19a 
20 


41 
4la(4) 


39 


d3c,d,e 
4c 


43b(2) 
43b 


30f 
35 
546 


43a(1) 


386 

38 

389 

38) 

38c, d,e 
38h 

38k 

38% 

38f 


30¢ 
10c 
app I 


58-63 


377,58 — 


63 

56d (2) 
60 

57 

56d 

18 

60 

57 
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10 
15 


18 


33 
33 


32 
37, 39, 40 


37 
37 


21 
25 
67 


36 


21 
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74 
29, 74 
92 
72 
85 
72 
71 
11 
85 
72 


Paragraph 
Relays—continued 
DANG: 14.203 6. tists buon sae ee 18 
Ebricationi. 6icc.%235 dee 4s. 27 
Power and supervisory ..... 10d 
Repair and replacement ..... 64b 
Ringing machine transfer .. 106 
MOSUNG hvac cows. te da-s gob ease 43a, 59 
Two-step ...........00 cee 61 
Vibrating-reed timing ...... 62 
Repairs (See Specific equip- 
ments). 
Reports (See Records). 
Residual air gap ........ 56¢ (3), 59a(2), 60c 
IRCSIStOkS: ons auresa cen own eneees 64d 
Restricted service ..... ta Mun auee Ald 
Reverting-call switch operating 
LESS: She haces baa Flew 33 
Ringing machine: 
AISI: Sus chadaveeens soeeks 30d 
Inspection and cleaning ..... 10b 
Lubrication ................ 25 
Ringing circuit test ........ 29a 
Transfer relays ............ 10d 
Rotary-type switches .......... 54b 
Routine progress record ........ 38k 
Routine testing procedure ...... 28 
Selectors: 
Operating tests ............ 34 
TV FOUDIC: 2.0245, 430 veer slaes 43d 
Service: 
Restricted .........00ce eee 4ld 
DWODANY ccarceaea Mase ee's 4lc 
Signal Corps cable record ....... 38b 
Specifications, equipment ....... 37) 
Spring gaging (See Relay adjust- 
ment). 
Spring tensioning (See Relay ad- 
justment). 
Stepping switches, rotary, 25- 
point : 
Adjustment .............045 51 
Inspection and cleaning .... 16 
LUDriCation: ceca cows Shae 22 
Stepping switches, 2-motion: 
Adjustment .............2.. 46, 48-50 
Auxiliary spring assemblies . 50 
IBAIIK Sead pia os echaneatetaws 5 49a 
DCS .coreaotescadoudaas 48d, 65d 
Release mechanism ......... 48e, 65¢ 
Rotary stepping mechanism .  4&c, 65a, b 
Switch Slatt:s.<.«useadeutals 48a, 65f 
Test stand for ............. 47 
Vertical stepping mechanism A48b, 65¢ 
NN IPERS in ot ane eae oa aed 49, 66b 
' Supervisory circuit tests: 
Fuse alarms ............... 30a 
Ringing machine control ... 29 
Supervisory signal tests .... 30g 
Voltage alarm ............. 30b 
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93 
43, 76 
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71, 83, 86 
93 
34 


24 
21 


17 
20 


67 
31 
19 


25 
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INDEX—continued 





Parayraph 
Switchroom cleaning ........... 9a 
Switches (See Busying, lever, 
push-type, rotary-type, and step- 
ping switches). 
Terminal boards: 
Color -Cod@ .isccascescesecs 37f 
Preventive maintenance .... 12 
Test (See Routine testing and 
specific equipments) : 
AMD: scctewsasieiowweneeerees 43 
Numbers ...........2.0000- 41 
Receiver .........ccce scene 43 
Switch train ............... 36c 
Telephone handset ......... 31b, 32g, 34d, 
35b, 44b, 67 
Test set: 
Connector routine ....... 32, 33b, 44c, d, k 
Current-flow ............... 59a(5) 
Stepping-switch ........ .. 32, 34a, 35a, 67 
Test sets and test equipments 
(table): 2.05.4elweeGlelevae nes , 4 
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Paragraph 

Thickness gage, key-ring ... 60c(1), (2), (3) 

Tone circuit test ............06. 29 
Tools: 

Bank cleaning tocl and brush 14 

Commutator cleaning ....... 10a(2) 

Contact burnisher .......... 57c,d 


Key-ring, thickness gage.60¢(1), (2), (3) 


Tables, tools, and tool equip- 


MENS: Su Medd sdbceones eee 5 
Troubles (See also Faults) : 
CHAS? nan. cee aceatea eae 45 
Connectors ..........00-05- 43e 
Linefinders ............0025 43¢ 
ReportS ........c cece ec eeee 381, 44 
Selectors: s2d-cossncierecs ws 43d 
WPUNKING joss s442uasekeaedeoesex 40 
Ventilation: ssi0ce deat kb eee se be 9b 
Voltage alarm ............0005. 306 
Volt-ohm-milliammeter ......... : 36b, c, e 
Weekly storage battery report .. 38f 
Wheatstone bridge ............. 365, e 
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